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Abstract. To search for low-aspect-ratio torus systems, a lot of exotic confinement concepts are proposed so far 
historically.  One of the authors previously proposed the tokamak-helical hybrid called TOKASTAR 
(Tokamak-Stellarator Hybrid) to improve the magnetic local shear near the bad curvature region.  This is 
characterized by simple and compact coil systems with enough divertor space relevant to reactor designs.  
Based on this TOKASTAR concept, a toroidal mode number N = 2 C (compact) -TOKASTAR machine (R ~ 35 
mm) was constructed.  The rotational transform of this compact helical configuration is rather small to confine 
hot ions, but can be utilized as a compact electron plasma machine for multi-purposes.  The C-TOKASTAR 
has a pair of spherically winding helical coils and a pair of poloidal coils.  Existence of magnetic surface and 
electron confinement property in C-TOKASTAR device were investigated by an electron-emission impedance 
method.  Calculation of the particle orbit also supports that closed magnetic surface is formed in the cases that 
the ratio between poloidal and helical coil current is appropriate.  Another aspect of the research using 
TOKASTAR configuration includes the evaluation of the effect of the outboard helical field application to 
tokamak plasmas.  It is considered that outboard helical field has roles to assist the initiation of plasma current, 
to improve MHD stability, and so on.  To check these roles, we made TOKASTAR-2 machine (R ~ 0.12 m, B 
~ 1 kG) with ohmic heating central coil, eight toroidal field coils, a pair of vertical field coils and two outboard 
helical field coil segments.  The electron cyclotron heating plasma start-up and plasma current disruption 
control experiments might be expected in this machine.  Calculation of magnetic field line tracing has revealed 
that magnetic surface can be formed using additional outer helical coils. 
 
1. Introduction 
 
To search for low-aspect-ratio torus systems, a lot of exotic confinement concepts are 
proposed so far historically [1-7].  Those compact systems sometimes employ the 
hybridization concept among tokamak, helical, and open field.  One of the authors 
previously proposed the tokamak-helical hybrid called TOKASTAR in 1985 to improve the 
magnetic local shear near the bad curvature region [8].  This is characterized by simple and 
compact coil systems with enough divertor space relevant to reactor designs.  Moreover, if 
the plasma current is induced, it will support to increase rotational transform.  At first, 
TOKASTAR having the toroidal period N = 4 was proposed, followed by the proposal of N = 
1 or 2 simple coil system named “C-TOKASTAR” [9].  An experimental device having N = 
2 coils of C-TOKASTAR was constructed and the formation of the vacuum magnetic flux 
surfaces was confirmed experimentally [10].  Plasma equilibrium with toroidal current was 
also analyzed in the N = 2 TOKASTAR configuration [11].  Based on these achievements, 
deeper understanding of the relationship among the plasma current, helical magnetic 
configurations, and confinement property in TOKASTAR configuration is needed.  
Especially, the research of superposition of the external helical magnetic field to tokamak 
plasma is important to improve the stability of tokamak plasmas, for example, to suppress 
plasma current disruption [12,13].  For this purpose, a tokamak-helical hybrid plasma 
confinement device “TOKASTAR-2” has recently been constructed.  First plasma was just 
produced in June, 2009 [14].  In this paper, we would like to describe the present status of 
the research of TOKASTAR configuration using C-TOKASTAR and TOKASTAR-2 devices. 
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2. C-TOKASTAR Experiment 
 
Figure 2 shows 3-D plasma configuration (left) of N = 2 C-TOKASTAR and poloidal cross-
section of flux surfaces with <β> ~ 4 % analyzed by the VMEC code [15].  Current-free 
low-beta equilibrium and flux-conserving high-beta equilibrium with plasma current are 
shown together.  The C-TOKASTAR device has double 10-turn helical coils and a pair of 
20-turn poloidal coils.  Major plasma radius is typically 35mm, radius of poloidal coil is 
70mm, and radius of spherical winding frame of helical coil is 65mm.  In order to check the 
existence of magnetic surface and electron confinement property in C-TOKASTAR device, 
an electron-emission impedance method is used.  Figure 3 shows the experimental setup of 
the electron-emission impedance method in C-TOKASTAR device.  In this method, an 
electron gun filament is inserted into C-TOKASTAR and the electron current is detected.  If 
the magnetic surface is formed, the electrons go around the magnetic surface and finally exit 
to the ground.  Therefore, circuit impedance becomes larger than that in the case without 
magnetic surfaces, which results in a 
decrease of the emission current.  
Figure 4 shows the dependence of the 
electron emission current of the electron-
emission impedance on magnetic 
configuration.  Poloidal cross sections 
of the particle orbit with the helical coil 
current IH = 10 A and the poloidal coil 
current IP = 1.0 A, 1.25 A, 1.5 A, 1.7 A, 
1.9 A are shown together.  A clear 
decrease in the emission current signal 
was observed during IH/IP = 0.1 to 0.17 
compared than the cases with IH/IP = 0, 
0.19, and IH = 0 A shown by a blue filled  

FIG. 1. Proposal of TOKASTAR comparing with other compact helical configurations. 

 

FIG. 2. 3-D plasma configuration (left) of N = 2 C-
TOKASTAR and poloidal cross-section of flux 
surfaces (right) with <β>~4%.  (a) current-free 
equilibrium, (b) flux-conserving <β>~8% equilibrium 
with plasma current.
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circle as a reference.  Calculation of the 
particle orbit also supports that closed magnetic  
surface is formed in the cases that IH/IP is 
between 0.1 and 0.17.  Under the condition of 
IH/IP with the magnetic surface, the signal level 
which has a correlation with the confinement property of corresponding magnetic surface 
slightly depends on the IH/IP ratio.  The relationship between IH/IP ratio and the confinement 
property should be addressed as a future work. 
 
3. TOKASTAR-2 Experiment 
 
3.1. Overview of TOKASTAR-2 Device 
 
Figure 5 shows the coil configurations of TOKASTAR-2 device and magnetic flux surfaces 
of tokamak operation calculated using TOSCA code [16].  In this calculation of the flux 
surfaces, the plasma current Ip = 2.5 kA is assumed in tokamak operation.  The major radius 
Rp and the averaged minor radius <ap> of the toroidal plasma with nearly circular cross-
section is expected to be approximately 0.1 m and 0.04 m, respectively. TOKASTAR-2 has 
ohmic heating (OH) central coils, eight toroidal field (TF) coils and two outboard helical field 
(HF) coil segments.  Each coil consists of cupper conductor with a diameter of 3.2 mm.  
There are 50 turns in TF coil, 
100 turns in vertical field 
(VF) coil, 42 turns × 2 layers 
in the central part of OH coil, 
22 turns in upper and bottom 
part of OH coil, and 98 turns 
in HF coil.  These coils are 
installed in the vacuum 
cryostat except external VF 
coils.  At maximum three 
units of 5 kV 200 µF 
capacitors are used for the 
power supply to coils.  
Helium or Hydrogen is used 
for the working gas.  Base 
pressure of the vessel is in the 

FIG. 4. Dependence of the electron emission 
current of the electron-emission impedance on 
magnetic configuration. 

 

FIG. 3. Experimental setup of the electron-emission 
impedance method in N = 2 C-TOKASTAR device. 

 

 

FIG. 5. Coil configuration of TOKASTAR-2 device and magnetic 
flux surfaces of tokamak operation calculated using TOSCA code.
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order of 10-3 Pa.  Experiment region of the gas pressure is 0.4 – 7.0 Pa when helium is the 
working gas.  A radiofrequency (RF) wave with the frequency of 2.45 GHz and the injected 
power up to 2.0 kW is used for the start-up of the plasma. 
 
3.2. Production of ECH Plasmas as a Pre-ionized 
Phase of the Tokamak Operation 
 
The electron cyclotron heating (ECH) plasma start-up 
experiment using the RF wave is in progress in this 
machine.  Figure 6 shows the typical waveform of 
the ECH plasma discharge.  The toroidal magnetic 
fields Bt calculated using the TF coil current and the 
visible optical emission intensity measured using an 
avalanche photodiode detector (APD) are shown 
together.  RF wave with the power of 0.4 kW was 
injected continuously.  As shown in this figure, the 
onset of the APD signal corresponds to the time that 
Bt in the innermost region of the volume inside the TF 
coils (major radius R = 0.06 m) reaches to 0.0875 T 
which is the electron cyclotron resonance (ECR) field 
for 2.45 GHz RF.  The APD signal starts to decrease 
when Bt becomes lower than the ECR field.  These 
facts suggest that plasmas are produced by ECR. 
We have a plan to induce plasma current in this 
ECH plasma.  The ECH discharge corresponds 
to the "pre-ionized phase" of the tokamak 
operation.  The mechanism of initiation and 
heating of the pre-ionized plasmas should be 
clarified.  In addition, as another objective to 
study the ECH plasma, if there are radial electric 
fields in the ECH plasmas, closed surfaces of the 
particle orbit could be formed by E×B drift.  
There is a possibility that outer helical magnetic 
fields assist to form the closed surface.  Based 
on these motivations, we are conducting the 
measurement of parameters of this ECH plasma.    
Figure 7 shows the radial profiles of electron 
density and temperature of the ECH plasma 
measured using Langmuir probes.  In this 
experiment, the electron density and temperature 
was in the order of 1016 m-3 and 10 eV, 
respectively.  The radial position of the peak 
value is close to the position of the upper hybrid 
resonance (UHR) layer rather than that of the 1st 
or 2nd ECR layer.  Therefore, we suspect that 
the plasma is initiated by the ECR as described 
above and further heated by the UHR.  Figure 
8 shows the radial profile of the ion saturation 
currents Iis and the floating potentials Vf of the 
ECH plasma.  Each profile was measured using 

FIG. 6. Temporal evolutions of the 
toroidal field strength at three locations 
calculated using the TF coil current 
(upper) and the intensity of visible 
emission measured using the avalanche 
photodiode detector (lower). 

 

FIG. 7. Radial profiles of (a) electron density 
and (b) electron temperature of the ECH 
plasma as the pre-ionized phase of tokamak 
operation.
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Langmuir probes located at three vertical position z = +0.045 m, 0 m, and -0.045m, where the 
midplane corresponds to z = 0 m.  As shown in this figure, both Iis and Vf have peak values 
around R = 0.1 m radially and z = 0 m vertically. 
We are trying to induce plasma currents using Ohmic heating as a next step.  It has been 
confirmed that the plasma current increases after the onset of the current in the OH coil.  
However, the current reaches up to only several tens of amperes at maximum.  It has to be 
much improved to generate the sufficient rotational transform of the magnetic field.  Plans to 
increase the plasma current include upgrading 
power supply circuit to increase the loop 
voltage, optimization of the vertical field by 
equilibrium calculation, and evaluation of 
eddy currents in the vessel. 
 
3.3. Suppression of Fluctuations by 
Applying the Outer Magnetic Fields 
 
Physics of the fluctuation of plasma 
parameters is important because it is 
considered to be correlated with the plasma 
confinement.  The characteristic of 
fluctuations was compared between with and 
without the vertical magnetic field in Fig. 9.  
Figure 9(a) shows that large fluctuation exists 
in the Iis of the ECH plasma only when the 
vertical field is not imposed.  The frequency 
spectrum of the fluctuation is shown in Fig. 
9(b).  Fluctuation having frequencies of less 
than 100 kHz is dominant.  Figure 9(c) 
shows the radial profile of the fluctuation 
level evaluated using the standard deviations 
of the signals divided by the DC values.  The 
peak value of the fluctuation level is located 
around R = 0.13 m, although the peak location 
of the profile of Iis itself is around R = 0.1 m.  
One can see that the fluctuation is almost 
completely suppressed when the vertical field 

 
FIG. 8. Radial profiles of (a) ion saturation currents and (b) floating potentials 
measured using Langmuir probes at z = +0.045, 0, -0.045 m.  The midplane 
corresponds to z = 0 m. 

 

 

FIG. 9. (a) Temporal evolution and (b) 
frequency spectrum of the ion saturation current 
at the location where the fluctuation is largest in 
the ECH pre-ionized plasma.  (c) Radial 
profile of the fluctuation level evaluated using 
the standard deviations of the signals divided by 
the DC values.
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was imposed.  Note that several peaks having frequencies of larger than 100 kHz in the 
frequency spectrum in Fig. 9(b) are identical to those in the noise.  In addition, fluctuations 
in the ECH plasmas were suppressed by applying not only the vertical field but also the 
helical field. 
Physics of the growth and suppression of fluctuation has not been clarified yet.  We have 
several hypothesis of the reason to suppress fluctuations as follows.  One is that the error 
magnetic field might be corrected by the outer magnetic fields.  The other is that the orbit of 
magnetic field lines or particle motions might be modified, and it results in the reduction of 
plasma-material interaction.  To investigate these effects, magnetic field line tracing analysis 
including the vertical field or the helical field is considered as a future plan. 
 
3.4. Formation of vacuum magnetic flux surface by applying outer helical field 
 
Another objective of the study is to check the probability of formation of vacuum magnetic 
surface by applying helical fields.  Therefore, magnetic field tracing code HSD (helical 
system design) [16] is used to investigate whether vacuum magnetic surfaces can be formed 
or not in TOKASTAR-2.  Magnetic field lines can be calculated in this code by defining coil 
configuration and currents in each coil as input parameters.  This calculation of tracing 
magnetic line has revealed that the vacuum magnetic surface can be formed by using 
additional sector coil to simulate C-TOKASTAR configuration.  Figure 10(a) shows the 
configuration of the additional sector coils for the formation of vacuum magnetic surface 
without plasma current.  In this case, the position of the additional sector coil is 0.01 m 
separated from the original helical coils vertically.  Last closed flux surface (LCFS) having 
vertically elongated shape formed using the additional sector coils are shown together in 
Figure 10(a).  The current in TF coil (ITF), VF coil (IVF), HF coil (IHF), and additional sector 
coil (IAS) was 6250 AT, 28800 AT, 6250 AT, and 6625 AT, respectively.  Note that all 
magnetic field lines are shown in the projected side view (R-z) and this is not a normal 
Poincare-plot.  Figure 10(b)(c) shows the radial profile of the averaged rotational transform 

 

FIG. 10. Flux surface formed using the additional sector coils obtained from the calculation of 
magnetic field line tracing. (a) Shape of the last closed flux surface (LCFS), (b) radial profile of the 
averaged rotational transform, and (c) poloidal profile of the rotational transform of LCFS. 
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and the poloidal profile of the local rotational transform, respectively.  The maximum value 
of the local rotational transform is located around poloidal angle θ = 0, which corresponds to 
the outboard on the midplane. 
The peaked rotational transform is rather strong, but the averaged value obtained in this 
calculation might be insufficient for the stable confinement of plasmas.  However, it could 
help the ramp-up of the plasma current by forming the flux surfaces to trap plasmas 
tentatively before the induction of the plasma current.  Optimization of such current ramp-up 
scenarios should be investigated for the future.  Characteristics of the magnetic surface, such 
as size, rotational transform or magnetic well depend on the amount and the ratio of currents 
in each coil, which should be investigated to evaluate the property of plasma confinement. 
 
3.5. Plasma current assisted TOKASTAR configuration 
 
In order to raise the averaged rotational transform in TOKASTAR configuration, several 
analyses have been carried out.  One is to add inboard-side helical coil perturbations.  By 
scarifying the merit of low aspect ratio, we confirmed theoretically that the plasma 
equilibrium, stability and particle confinement are improved [10,11].  Another approach is to 
carry plasma current.  As shown in Fig. 11, by the magnetic bumpy components are 
relaxed and the averaged rotational transform is raised.  The further optimization of the 
spherical TOKASTAR configuration is under investigation. 
 
4. Summary 
 
We proposed the tokamak-helical hybrid magnetic field configuration called “TOKASTAR” 
for compact and low-cost designs of magnetically-confined torus fusion reactors.  Based on 
this TOKASTAR concept, a toroidal mode number N 
= 2 “C –TOKASTAR” machine was constructed.  
Existence of magnetic surface and electron 
confinement property in C-TOKASTAR device were 
investigated by an electron-emission impedance 
method.  To investigate the relationship between 
plasma current and outboard helical magnetic fields 
in TOKASTAR configuration, new torus plasma 
confinement device “TOKASTAR-2” was 
constructed.  It can impose outer helical field to 
tokamak plasma by using a pair of helical coils 
located outside toroidal coils and along the toroidal 
direction.  It was confirmed that pre-ionized plasma 
for the tokamak operation is produced by the electron 
cyclotron resonance.  Pre-ionized ECH plasma has 
profiles of the ion saturation current and the floating 
potential with a peak at the center in both radial and 
vertical direction.  The outer vertical or helical 
magnetic field application suppresses bursting density 
fluctuation in the pre-ionized ECH plasmas.  
Induction of the plasma current by Ohmic heating has 
to be further improved to realize stable tokamak 
confinement and to investigate the effect of the 
outboard helical field on tokamak plasmas.  
Calculation of magnetic field line tracing has 

 

FIG.11. Mod-B contours in the Boozer 
coordinates near the plasma edge 
without (upper) and with (lower) plasma 
current. 
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revealed that magnetic surface can be formed using additional sector coils.  Characteristics 
of the magnetic surface for plasma confinement should be investigated in the future. 
 
Acknowledgments 
 
This work is supported in part by the National Institute for Fusion Science collaborative 
research program (NIFS10KOAF002). 
 
References 
 
[1] IKUTA, K., “A New System of Toroidal Confinement of Plasmas”, J. Phys. Soc. Jpn. 

25 (1968) 1484. 
[2] FURTH, H. P., HARTMAN, C. W., “Strong Negative‐V" Torus”, Phys. Fluids 11 

(1968) 408. 
[3] OHKAWA, T., “Optimization of Stellarators”, Proc. 3rd Stellarator Workshop 

(Moscow, 1981) 1 (1981) 111. 
[4] BOOZER, A., H., et al., ”Two High-Beta Toroidal Configurations: A Stellarator and A 

Tokamak-Torsatron Hybrid”, Proc. 9th Int. Conf. Plasma Physics and Controlled 
Nuclear Fusion Research (Baltimore, 1982), IAEA-CN-41/Q-4 (1982). 

[5] TODD, T. N., “Ultra-simple stellarators”, Plasma Phys. Control. Fusion 32 (1990) 459. 
[6] MOROZ, P. E., “Spherical stellarator configuration”, Phys. Rev. Lett. 77 (1996) 651. 
[7] PEDERSEN, T. S., BOOZER, A. H., “Confinement of nonneutral plasmas on magnetic 

surfaces”, Phys. Rev. Lett. 88 (2002) 205002. 
[8] YAMAZAKI, K., ABE, Y., “TOKASTAR : A Tokamak-Stellarator Hybrid With Possible 

Bean-Shaped Operation”, Research Report of the Institute of Plasma Physics, Nagoya, 
Japan, IPPJ-718 (1985). 

[9] YAMAZAKI, K., KUBOTA, Y., “Search for a New Plasma Confinement System 
Combined among Tokamak, Helical and Mirror Concepts”, Proc. Plasma Science 
Symposium 2005 and the 22nd Symposium on Plasma Processing (PSS2005/ SPP-22) 
(Nagoya, 2005) P3-094 (2005). 

[10] TAIRA, Y., et al., “Analysis of Particle Orbits in a Spherical Tokamak-Stellarator Hybrid 
System (TOKASTAR) and Experiments in the Compact-TOKASTAR Device”, Plasma 
and Fusion Res. 5 (2010) S1025. 

[11] YAMAZAKI, K., et al., “Analyses and Experiments of Compact Spherical Tokamak-
Stellarator "TOKASTAR"”, J. Plasma Fusion Res. SERIES 8 (2009) 1044. 

[12] WVII- A Team, “Stabilization of the /2,1/ tearing mode and of the current disruption in 
the W VII-A stellarator”, Nucl. Fusion 20 (1980) 1093. 

[13] FUJITA, J., “Confinement, Additional Heating (NBI, LHH, ECH), and Current Drive of 
Stellarator Plasma in JIPP T-II”, IEEE Transaction on Plasma Science PS-9 (1981) 180. 

[14] OISHI, T., et al., “Initial experimental results and magnetic surface analysis of tokamak-
helical hybrid plasma confinement device "TOKASTAR-2"”, J. Plasma Fusion Res. 
SERIES 9 (2010) 69. 

[15] HIRSHMAN, S., P., et al., “Three-dimensional free boundary calculations using a spectral 
Green's function method”, Comput. Phys. Commun. 43 (1986) 143. 

[16] YAMAZAKI, K., et al., “Design scalings and optimization for the superconducting large 
helical device”, Fusion Technology 21 (1992) 147.  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


