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Abstract—This paper presents the design, construction, and test
results of a hybrid dipole magnet. The inner coils were of second
generation (2G) high-temperature superconductor (HTS) ReBCO
tape and the outer coils were of low-temperature superconductor
(LTS) Nb3Sn Rutherford cable. The HTS and LTS coils were inde-
pendently powered and protected using different power supplies.
The HTS coils were quenched many times with no degradation in
performance observed. The hybrid field reached ∼8.6 T, which is
believed to be a record for a hybrid dipole. The maximum field was
limited by the stable operation of the leads in the LTS coil at 8000 A.
The HTS coils were independently ramped to 800 A, and the LTS
coils to 10 000 A. With improved leads and instrumentation, this
hybrid dipole is expected to produce over 13 T when the ReBCO
tape in the HTS coil is aligned nearly parallel to the field. One ma-
jor purpose of this program was to perform magnetization studies
in the coils made with the HTS tape. Magnetization-induced field
errors are expected to be small when the field is nearly parallel to
the wide face of the tape. The magnetization measurements were
performed at 77 K with the two racetrack coils in two orientations,
with field predominantly either parallel or perpendicular to the
wide face of the HTS tape. In addition, measurements were also
performed at 4 K in different background fields provided by the
outer Nb3Sn coils. This paper will summarize the magnetization
measurements and present the quenching experience of the HTS
coils in this hybrid magnet system.

Index Terms—Superconducting magnets, high field magnets,
hybrid dipoles, HTS magnets.

I. INTRODUCTION

INTEREST in HTS/LTS hybrid dipoles has risen recently
as a way to provide very high fields for future high energy

colliders, such as the proposed Future Circular Collider (FCC) or
High Energy upgrade to the Large Hadron Collider (HE-LHC)
at CERN [1], [2] or the proposed Super proton-proton collider
in China [3]. A hybrid dipole was assembled and tested recently
as a part of a Small Business Technology Transfer (STTR)
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Fig. 1. The Nb3Sn common coil at BNL with large empty space available
for HTS insert coils (see left) and sketch (see right) schematically showing this
empty space (31 mm wide and 338 mm high) between the Nb3Sn coils.

TABLE I
MAJOR PARAMETERS OF THE LTS DIPOLE DCC017 FOR HTS INSERT COILS

Dipole design 2-in-1 common coil
Coil Technology Nb3Sn React & Wind
Horizontal aperture (clear space) 31 mm
Vertical aperture (clear space) 338 mm
Number of LTS coil layers Two
Computed quench current 10.8 kA
Peak field at quench current 10.7 T
Computed quench field @4.2 K 10.2 T
Coil length (overall) 620 mm
Coil straight section length 305 mm
Coil inside radius in ends 70 mm
Yoke length 653 mm

program with the Department of Energy (DoE) grant to Particle
Beam Lasers, Inc. (PBL) and Brookhaven National Laboratory
(BNL). This was possible within the limited budget of the STTR
due to an existing unique Nb3Sn common coil dipole [4] that
has a large open space (see Fig. 1 and Table I) where the new
HTS racetrack coils could be inserted without disassembling
the magnet. The new HTS coils made direct contact with the
existing LTS coils and became an integral part of the HTS/LTS
hybrid magnet structure.

II. MAGNET DESIGN

The program is based on the 2-in-1 common coil magnet
design [5], in which the simple racetrack coils are common
to two apertures with field of opposite polarity, as required in
collider magnets. Fig. 2 (left) shows the basic common coil
concept with a pair of racetrack coils. Fig. 2 (right) shows a
magnetic model of the upper-half quadrant of the hybrid magnet
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Fig. 2. The basic concept of the common coil design (left) with a pair of
racetrack coils producing field in opposite directions in two apertures, and the
magnetic model of the upper-right quadrant (right) of the magnet tested.

Fig. 3. Coil being wound with the universal coil winder with 4-ply ASC tape
and Nomex insulation. A number of voltage-taps were also installed.

as built and tested. This magnet had two sets of Nb3Sn coils, as
shown in red, and one set of HTS coil, with the range of colors
superimposed showing the magnitude of the field computed
(7.6 T to 8.7 T) for 635 A in the HTS coils and 8000 A in the
Nb3Sn coils. The iron yoke is shown in blue.

III. MAGNET CONSTRUCTION

Two pancake coils were wound with ∼12 mm wide, 4-ply
HTS tape (2 consisting of ReBCO and other 2 copper) from
American Superconductor Corporation (ASC). The cross-
section of the coil was purposely chosen to be square for easier
comparison during magnetization studies (see next section).
Each coil had 35 turns made with ∼25 m of double HTS
tape (100 m of ∼12 mm wide HTS tape in two coils). Fig. 3
shows winding of the racetrack coil with the BNL universal
coil winder; turn-to-turn insulation was Nomex tape 50 micron
thick and ∼12 mm wide.

After a number of 77 K tests in liquid nitrogen, the HTS
coils were installed inside the LTS magnet. A schematic of
the hybrid design, with the new HTS coil structure inserted
without disassembling the LTS magnet, is shown Fig. 4 (left).
The actual hybrid magnet assembly is shown in Fig. 4 (right).
The two HTS coils were internally connected in the middle
of the magnet (where the field is low) with an innovative flexible
splice [6]–[8] that allowed the HTS coils to move (separate)
without significantly straining the splice.

Fig. 4. Schematic design (left) of the hybrid magnet and the actual structure
(right) with the new HTS coils inserted inside the LTS magnet.

Fig. 5. Performance of hybrid dipole magnet as a function of the current in
HTS coil under at the various fields generated by constant current in the Nb3Sn
coils.

IV. HYBRID MAGNET TEST

A number of tests were performed at 4 K with only the HTS
coils powered, only the Nb3Sn coils powered, and with the
two coils powered together in various combinations. There was
concern about how the Nb3Sn magnet DCC017 itself would
perform after a decade in storage, but it reached 10,000 A (92%
of the short sample) without a quench. The maximum hybrid
dipole field reached during the test was ∼8.7 T (Fig. 5) with
∼7.6 T coming from the Nb3Sn coils at 8 kA. The hybrid field
of ∼8.7 T (a record at this time), at 10,000 A in Nb3Sn coils,
was limited by stable operation of the external leads, not the
coils.

The HTS coils were powered at various background fields
(a) in the cycle of 0 A to 500 A to 0 A without quenching and
(b) to the highest current possible until they quenched (see
Fig. 5). No degradation in the performance of HTS coils was
observed after repeated quenching. This is despite the fact that
the HTS coils were allowed to quench in a similar way that LTS
coils are quenched, with the coil voltage during the ramp rising
as much as 200 mV (see Fig. 6). The BNL advanced quench
protection system [9] and rapid energy extraction strategy
worked well, as described in more detail in a separate paper in
this conference [10].
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Fig. 6. Quench detection in HTS coils with a difference voltage threshold
of 200 mV. HTS coils remain protected after repeated quench due to the BNL
advanced detection and rapid energy extraction system.

Fig. 7. A schematic diagram showing the relative size of the coils and location
of Hall probe during the test in the common coil configuration. Case (a) is for
coils separated by 12 mm; (b) for 3 mm. (c) and (d) are the details of the upper
aperture showing the orientation of tape more clearly.

V. MAGNETIZATION MEASUREMENTS

Before the ReBCO coils were installed inside the niobium
tin magnet, they were tested in liquid nitrogen. Magnetic field
measurements were made along the axis of the aperture using a
Siemens SBV604 Hall probe. The usual common coil set-up is
shown in Fig. 7 when the horizontal spacing between two coils
is (a) 12 mm and (b) 3 mm. In this configuration the field on the
median plane is perpendicular to the wide face of the conductor,
and the magnetization currents are expected to be maximized.

The effect of the induced magnetization current shows up
most dramatically at zero current after an excursion to high
current. Fig. 8 shows the result of raising the current in 25 A
steps to 200 A with a return to zero between each step for a
gap of 12 mm between the coils. An interval (∼10 minutes) was
allowed both at current and at zero for the field to stabilize. For
the geometry of Fig. 7, the residual or trapped field depends quite
strongly on the maximum current reached and is unexpectedly
opposite in sign to the powered field (see Fig. 9). The slow field

Fig. 8. Measurements of residual fields at zero current after the current is
raised from 0 A to 200 A in the steps of 25 A with return to 0 A between each
step (e.g., 0 → 25 → 0 → 50 → 0 → 75 → 0, . . . ).

Fig. 9. Trapped field when the current in HTS coil is brought to zero as a
function of the current in HTS coils to which it was energized (the run sequence
is shown in Fig. 8).

Fig. 10. A schematic diagram showing the relative size of the coils and loca-
tion of Hall probe during the test in the side by side configuration (see sketch at
the bottom). Upper sketch gives the details of the aperture showing the orienta-
tion of tape more clearly.

changes that occur at this end of each step are more pronounced
in this coil configuration.

For the coil arrangement of Fig. 10, where the conductor is
parallel to the field at the median plane, the trapped field is in
the same direction as the normal field and looks quite similar to
the residual field of a solenoid of the same cross section. Fig. 11
shows a scan along the coil axis for the magnetization field
compared to a suitably scaled powered curve. The maximum
trapped field in this configuration is less than half of the field in
the perpendicular conductor orientation.
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Fig. 11. Field as a function of current during first two cycles.

Fig. 12. Transfer Function as a function of current during first two cycles.

Fig. 13. Field due to HTS coil as a function of current at the background field
of ∼2 T (offset introduced in the curve to make them start from zero).

When installed in the Nb3Sn dipole, the coils are much closer
together, and the Hall probes are fixed at the center of each
aperture (Fig. 11). While assembled in the stainless steel frame
but before insertion in the high field magnet, the coils were
re-measured at 77 K. Fig. 13 is a current field plot for two
successive excursions to 200 A. On the first cycle the conductor
begins with no magnetization just after cool down and ends with
a significant negative residual field. The second cycle starts from
this negative level and follows the down half of the first cycle
but slightly displaced (hardly visible in Fig. 13) toward higher
fields. The second down cycle is identical to the first down cycle,
and subsequent current cycles are the same as the second one.

Fig. 14. Decay of trapped field with time.

Fig. 15. Decay of trapped field with time in logarithmic scale.

It takes approximately 20 A to just get back to zero field at the
center of the aperture.

The effect of the magnetization currents is amplified if the
curves are plotted as the transfer function, B/I, against current
as shown in Fig. 12. With the coil separation reduced to 3 mm
the negative trapped field is two and a half times as large as
for the 12 mm spacing, whereas the increase in actual field was
about 20%. As such the value falls on the extrapolated line if
the plot is normalized to the field.

When tested at 4.5 K, the magnetization currents induced in
the HTS conductor by the much higher field of the Nb3Sn mag-
net result in a very large negative trapped field of approximately
500 mT. This residual field is present because the HTS coil test
didn’t start from a virgin state. A trapped field was left behind
from the earlier energizing of the HTS and Nb3Sn coils to test
and set the parameters of the quench protection system. At each
applied field level the insert coils were energized to 500 A (as
shown in Fig. 5). Fig. 13 shows the field from the HTS coil
(offset introduced to start curve from 0) as a function of current
in the HTS coils for a background field of ∼2 T (2 kA current in
Nb3Sn coils). In this case the field at the center of the aperture
starts lower than the applied field and rises with the HTS current
but returns to an even lower field when the HTS current returns
to zero.

The large negative residual field was observed for several
hours with both coils de-energized. It slowly decreases in mag-
nitude with time as shown in Fig. 14.
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The data of Fig. 14 is plotted using a logarithmic time axis
in Fig. 15. The trapped field decreases at about one percent per
decade. The first one percent takes about one hour, while the
next one percent takes 10 hours, so that the trapped field is quite
stable with time after the first few minutes of being induced. All
4 K measurements were performed with the HTS coils placed
with LTS coils with a gap between the HTS coils of ∼3 mm.

VI. CONCLUSION

The successful operation of the HTS coils with Nb3Sn coils
shows that a HTS/LTS hybrid dipole is a practical concept.
The HTS coils remained protected during operation and didn’t
show any measurable degradation despite half a dozen quenches.
Magnetic measurements indicate that the magnetization effects
are strongly dependent on the coil geometry and might be kept
at low enough for a practical accelerator magnet if the field is
close to parallel to the conductor over the HTS portion of the
windings. The whole project was completed in a short period
of time at low cost. This is because of the unique design and
structure of the BNL common coil magnet with a large open
space where HTS coils were inserted inside the LTS magnet and
made an integral part of the hybrid structure without requiring
any magnet disassembly.

REFERENCES

[1] “Future circular collider study kickoff meeting,” University of
Geneva, Geneva, Switzerland, Feb. 12–14, 2014. [Online]. Available:
http://indico.cern.ch/event/282344/timetable/#20140212

[2] L. Bottura et al., “Advanced accelerator magnets for upgrading the
LHC,” IEEE Trans. Appl. Supercond., vol. 22, no. 3, Jun. 2012, Art.
no. 4002008.

[3] CEPC-SppC Preliminary Conceptual Design Report, Vol. II: Accelerator.
Tech. Rep., 2015. [Online]. Available: http://cepc.ihep.ac.cn/preCDR/Pre-
CDR_final_20150317.pdf

[4] R. Gupta et al., “React & wind Nb3Sn common coil dipole,” IEEE Trans.
Appl. Supercond., vol. 17, no. 2, pp. 1130–1135, Jun. 2007.

[5] R. Gupta, “A common coil design for high field 2-in-1 accelerator mag-
nets,” in Proc. Particle Accelerator Conf., Vancouver, BC, Canada, vol. 3,
1997, pp. 3344–3346.

[6] R. Gupta, “HTS/LTS hybrid test results and common coil design up-
date,” in Proc. FCC Week 2017, Berlin, Germany, May 29–Jun. 2, 2017.
[Online]. Available: https://indico.cern.ch/event/556692/

[7] R. Gupta, “Hybrid configuration and BNL activities,” in Proc. US MDP
1st General Meeting Workshop Napa Valley, Napa, CA, USA, Feb. 6–8,
2017. [Online]. Available: https://conferences.lbl.gov/event/73/

[8] R. Gupta, “ReBCO at BNL,” in Proc. 4th Workshop Series Accelerator
Magnets High Temperature Supercond., Barcelona, Spain, Feb. 15–17,
2017. [Online]. Available: https://indico.cern.ch/event/588810/

[9] P. N. Joshi et al., “Novel quench detection system for HTS coils,” in Proc.
2011 Particle Accelerator Conf., New York, NY, USA, Mar. 28–Apr. 1,
2011, pp. 1136–1138.

[10] P. N. Joshi et al., “LTS-HTS hybrid dipole magnet quench protection
system,” presented at the 25th Int. Conf. Magnet Technology, Amsterdam,
The Netherlands, 2017, Paper Thu-Mo-Or28-03.



<<
  /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 false
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 ()
  /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


