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Abstract. Onset of the m/n = 2/1 neoclassical tearing mode (NTM) has been prevented in high-performance 
DIII-D discharges using localized electron cyclotron current drive (ECCD). Active tracking of the q = 2  surface 
location, using real-time equilibrium reconstructions with motional Stark effect data, allows the current drive to 
be maintained at the rational surface even in the absence of a detectable mode. With the application of this 
technique in DIII-D hybrid discharges, the 2/1 mode is avoided and good energy confinement is maintained for 
more than 1 second with ! at the estimated n = 1 no-wall stability limit for ideal kink modes ( "T approximately 

equals 3.9% and normalized beta "N  approximately equals 3.2). The results can be understood through 
modeling using the modified Rutherford equation.  

1.  Introduction 

High fusion gain in a tokamak requires operation near the pressure limit for stability. An 
instability that places a limit on the pressure is the neoclassical tearing mode, which may 
arise when the normalized plasma pressure ["N #" IMA amBT( ) ] exceeds a critical value. 

For ITER, !N is 1.84, which is well below the no-wall ! limit and well above the expected 
neoclassical tearing mode (NTM) ! limit [1]. Relief from the lower ! limit will permit higher 
performance operation in ITER. In this paper we show that the NTM may be avoided by 
application of electron cyclotron current drive (ECCD) and !N subsequently raised to the 
estimated no wall stability limit (!N = 3.2). 

The NTM is a magnetic island that is caused by a perturbation to the plasma current of the 
same helicity as the field line on a rational flux surface. Perturbations with poloidal mode 
number m=3 and toroidal mode number n=2 degrade the energy confinement by typically 
10% to 30%, while perturbations with m=2/n=1 can lead to severe energy loss and disruption. 
The 2/1 mode occurs at the minor radius where the safety factor q = 2 , which is close to the 
plasma boundary, so the interaction of the magnetic perturbation of the mode with induced 
eddy currents in the vacuum vessel leads to reduction of the plasma rotation, which in turn 
leads to mode locking and likely to a disruption [2]. An estimate for ITER of the size of the 
2/1 magnetic island that causes locking is 5 cm, only 2.5% of the minor radius [1]. 

Theoretical work showing that ECCD placed accurately on the resonant surface can suppress 
NTMs [3,4] has led to successful experimental validation of this process for the 3/2 [5-7] and 
2/1 [8,9] modes. In those experiments an NTM of fully saturated island size was suppressed 
by the ECCD. In some cases it was shown that this leads to operation at increased ! [10,11]. 
This work has generally shown good agreement with theory [2]. The very narrow current 
drive profiles characteristic of ECCD in DIII-D [typically 4 cm Full Width Half Maximum 
(FWHM)] are well suited for this purpose, and the spatial precision of the placement relative 
to the rational surface is required to be of order 1 cm. Correct placement of the ECCD in the 
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island is facilitated by a feedback-controlled search technique to find the current drive 
location that minimizes the mode amplitude [8]. 

The process of locking and disruption can take place rather rapidly and at rather small island 
size. In order to avoid the potential disruption, it is preferable to avoid the 2/1 NTM entirely 
rather than to suppress the mode after it has grown to observable size. Theory suggests that 
this may be done in the absence of the island by applying current drive on the rational surface 
[12] in order to modify the classical stability parameter " #  [13]. Experiments applying ECCD 
with this approach on JT-60U showed that the 3/2 mode could be avoided using less EC 
power than that which was required to stabilize the mode from its fully saturated state [14], 
but increased plasma pressure was not demonstrated in those experiments. Experiments on 
the preemptive stabilization of the 3/2 mode in DIII-D showed that higher stable ! could be 
achieved [11]. 

In this paper, we present experiments on DIII-D in which the 2/1 NTM was completely 
avoided by application of ECCD at the q = 2  surface, which is more difficult than the 3/2 
mode due to less effective current drive at the larger minor radius and to larger growth rate. 
These experiments show that the plasma ! can be raised to at least the no-wall n =1 kink 
mode beta limit, "N = 3.2, for many confinement times without the mode occurring. One 
practical aspect of this approach is that in the absence of the NTM island there is no clear 
identifier of the location of the rational surface, and in practice the location of the rational 
surface changes as the plasma pressure is increased. To address this, reconstructions of the 
plasma equilibrium in real time are performed on DIII-D to identify the location of the 
rational surface as it moves. These reconstructions include measurements of magnetic field 
pitch angles from the motional Stark effect diagnostic. Real time control of the plasma 
position or of the toroidal field using the digital Plasma Control System (PCS) has been 
successful in keeping the ECCD sufficiently close to the rational surface that the mode is 
avoided. 

2.  Experiment 

The experiments on DIII-D on avoiding the 2/1 NTM by means of ECCD at the q = 2  surface 
were performed in �hybrid mode� discharges. The hybrid mode is characterized by the pres-
ence of a small 3/2 NTM which acts to limit the central peaking of the current density profile 
but which is of sufficiently small size that the small confinement penalty is acceptable. By 
this means, the profile of current density is broadened, the sawtooth instability is avoided and 
improved performance is found. 

In the present discharges, the 2/1 NTM is avoided altogether by application of ECCD at the 
rational surface. The H-mode discharge has a single-null divertor configuration with plasma 
current 1.2 MA, toroidal field 1.5 T, q95 = 3.9 , and " # 3.9% . The 110 GHz electron 
cyclotron heating (ECH) power is launched with x-mode polarization from a port above the 
midplane, and the second and third harmonics of the electron cyclotron resonance are shown. 
The total ECH power from four gyrotrons incident on the plasma is 2.4 MW. The EC power 
is launched with a toroidal angle of 14 deg from radial in a compromise between maximum 
ECCD (large toroidal angle) and minimum profile width (small toroidal angle). For these 
conditions, the full width at half maximum of the ECCD profile is about 5.6% in normalized 
minor radius, or 3 to 4 cm. The time-averaged neutral beam injection (NBI) power is under 
the real-time control of the PCS using a feedback system to keep the plasma ! near a pre-
programmed trajectory in time. 
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The geometry is shown in Fig. 1 and the radial profiles are shown in Fig. 2. The EC 
quantities are calculated by the TORAY-GA ray tracing code. Figure 1 shows that there is 
observable refraction of the EC waves away from the center of the plasma. Moderate 
refraction is expected since the electron density is 4x1019m"3 at the minimum minor radius 
of the waves, about " = 0.5, is not small compared to the cutoff density of 6.4x1019m"3 for 
110 GHz and the value of the parallel index of refraction (n|| = 0.35) there. The effects of 
wave refraction on the location of the current drive can be estimated by the PCS using a 
simple model based on real-time measurements of line-averaged density by two 
interferometers, one of which views the plasma radially near the midplane and one of which 
views the plasma vertically 27 cm inboard of the magnetic axis. For the geometry of Fig. 1 
and the density in these experiments, the minor radius of the current drive is not very 
sensitive to refraction, and this system was not used in these experiments. 

 

FIG. 1. Cross-section of the DIII-D discharge showing the rational q surfaces. The rays of the EC 
beam are shown as the blue lines, and the magenta lines marked 2 and 3 are the second and third 
harmonics of the electron cyclotron resonance. Rational q-surfaces are shown. (b) Expanded region of 
(a) showing relationship of the rays to the q surfaces. The red dots are at the location of maximum rate 
of attenuation, and the peak current drive is located along the ray a little closer to the antenna. 

The geometry of Fig. 1 was chosen to facilitate movement of the location of the ECCD 
relative to the rational surface through small changes in the toroidal field under the control of 
the PCS. Increasing BT  increases the major radius of the second harmonic resonance, 
moving the ECCD to smaller minor radius. The third harmonic lies well inside the plasma, 
and approximately 60% the EC power is lost there parasitically. By coincidence the minor 
radius of the power lost at the third harmonic is near the minor radius of the second harmonic 
deposition, and this third harmonic power causes the broad wings on the profile of power 
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density in Fig. 2(d). Current drive by the third harmonic power is negligible because the 
resonant interaction is almost entirely with deeply trapped electrons. The loss of power at the 
third harmonic is considered when the ECCD is calculated. Given the conditions of density 
(3.4x1019m"3) and electron temperature (2.3 keV) at the location of the ECCD, and the 
power lost at the third harmonic, the driven current is 16 kA and the peak driven current 
density is 12.2 A/cm2, compared to bootstrap current density of 17.1 A/cm2 and equilibrium 
current density of 75 A/cm2 at the time analyzed for Fig. 2 (6315 ms). 

The history of an example discharge showing prevention of the 2/1 NTM with ! very near 
the stability limit is in Fig. 3. In this discharge, the EC power was applied at t=4500 ms, 
while ! was still rising [Fig. 3(e)]. The saturated n = 2  mode that is characteristic of hybrid 
mode discharges appears earlier [Fig. 3(d)]. As ! continues to increase, the PCS makes small 
adjustments to the toroidal field to maintain the current drive at the minor radius of the q = 2  
surface. The difference between the calculated minor radius of the current drive and the 
calculated q = 2  radius was kept small compared to the radial width of the current drive layer. 
Good energy confinement was maintained, and normalized beta was sustained for more than 
one second at the no-wall kink stability limit 
of "T #  4.1% and "N #  3.2. The estimate of 
the no-wall limit shown in Fig. 3(e) as 

FIG. 2. Profiles as a function of normalized 
minor radius ". (a) Plasma density, (b) 
electron temperature, (c) safety factor q, (d) 
power density due to EC wave absorption, 
and (e) ECCD current density profile for 
each of the four EC systems (colored) and 
the total (black) and, for comparison, the 
bootstrap current density profile. Profiles 
are taken at 6315 ms for shot 122907. 

FIG. 3. Time history of plasma behavior. 
(a) line-averaged density and D# emission, 
(b) ECH power and time-averaged neutral 
beam power, (c) central and minimum value 
of safety factor q, (d) amplitudes of n = 2 and 
n = 1 tearing modes, measured at the out-
board midplane wall, (e) normalized beta and 
four times the internal inductance (an 
estimate of the beta limit for the ideal n = 1 
kink mode in the absence of a conducting 
wall). Traces in (c) and (e) end where the 
motional Stark effect data stops. 
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"N #  4 li , with li  the internal inductance of the plasma, agrees with ideal stability 
calculations to within about 5%. (Plasma rotation may allow the vacuum vessel wall to 
stabilize the kink mode at or beyond the no-wall limit.) When the ECCD is turned off at t =  
6500 ms, the beta is programmed to maintain the same value. The onset of a 2/1 NTM about 
100 ms later, Fig. 3(d), shows that the presence of the ECCD was necessary for the stability 
of the plasma. This was also clearly seen in comparable discharges without ECCD. Since the 
ECCD is applied at a rather large minor radius, the heat is not well confined, and the EC 
power reduces the normalized confinement time H89 from 2.35 to 2.0 if it is included in the 
total heating power. Here, the ECCD is used to increase the stability limit rather than 
confinement. 

Many previous experiments on established NTMs have shown that precise positioning of the 
current driven by ECCD is crucial to successful suppression of the mode. In this experiment 
the mode is absent, but the accuracy of the placement of the ECCD is believed to be equally 
important. In the work on fully grown NTMs, the effects of the continuous co-ECCD very 
near the rational surface are to replace the loss of the bootstrap current within the island due 
to the flattening of the pressure gradient within the island and to increase the classical 
stability (that is, make " #  more negative). In these experiments only the latter process is in 
effect when islands aren�t present, but the coupling to edge localized modes (ELMs) or the 
higher order components of the 3/2 mode can generate small islands, so replacing the missing 
bootstrap current is kept in the modeling of the pre-emptive control. From a theoretical point 
of view, this experiment is somewhat cleaner than the case with substantial islands, since the 
effect of the islands on broadening the effective ECCD profile need not be considered. Also, 
the coupling between modes which has been observed on DIII-D to cause frequency locking 
between the m=3/n=2 mode at the q = 3/2 surface and the 2/1 mode at the q = 2 surface is 
avoided. Finally, the change in " #  due to the presence of an island need not be considered. 

The key problems in devising a closed-loop feedback control system to keep the ECCD on 
the q = 2  flux surface are identifying the location of the rational surface in real space and 
determining the location of the peak of the ECCD. In these experiments this is done by 
carrying out reconstructions of the equilibrium in real time, which provides a profile of the 
safety factor q. The real-time equilibrium reconstructions are carried out by the PCS using 
information from 26 internal poloidal field measurements from the motional Stark effect 
diagnostic, as well as a large number of magnetic measurements outside the plasma. The real-
time EFIT algorithm obtains a solution to the Grad-Shafranov equation that minimizes the 
differences between the input signals and the equilibrium. The time required to obtain an 
equilibrium is about 8 ms, and the solutions obtained are very close to those obtained off-line 
using the EFIT code with the same input data. However, not as much filtering of the inputs is 
performed for the real time EFITs as for off-line EFITS, so the results contain a little more 
scatter. The location in R and Z  of the ECCD is calculated for an earlier discharge with 
similar properties, and the PCS calculates the change needed to BT  in order to bring the R of 
the peak ECCD into coincidence with the q = 2  surface at the same Z . The response time of 
the toroidal field to the PCS signal is a few hundred milliseconds. 

This closed-loop system is effective in keeping the ECCD aligned with its target surface. 
Figure 4 shows the ECCD profile as a function of time, along with the post-discharge calcu-
lation of the minor radius of the q = 2  surface. The toroidal field shown in Fig. 4(b) needed to 
obtain and maintain the alignment is controlled by the PCS based on the real-time 
reconstructions. Small changes in the calculated q-profile can shift the location of the q = 2 
surface substantially, so the uncertainty in the !q=2 surface is of order 0.05. This uncertainty 
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is addressed in practice by determining !q=2 
empirically, by finding the most effective 
location of ECCD in similar discharges with 
2/1 islands using the automated �search and 
suppress� procedure to find the optimum 
value of BT. The difference between the 
calculated !q=2 and the !ec for the optimum 

BT is added to subsequent real-time 
calculations of !q=2. In Fig. 4, after the initial 
jog to align the ECCD with the rational 
surface, the changes called for by the PCS 
are modest. For some discharges like the 
present one, the toroidal field could be 
successfully pre-programmed after substan-
tial trial and error, but the result is much less 
robust. The closed-loop system is much more 
effective in maintaining correct alignment 
over a range of conditions. 

3.  Discussion 

These experiments on DIII-D have shown 
that avoiding the 2/1 NTM by means of 
ECCD at the q = 2 surface can provide stable 
operation at plasma pressures that would be 
otherwise unstable. Figure 5 shows the 
pressure limit for instability to a 2/1 NTM for 
a group of similar hybrid discharges without 
ECCD, plotted as a function of "i

* , the ion 
gyroradius normalized to the minor radius. 
La Haye [1] has shown that twice the ion 
banana width is an accurate estimate of the 
marginal island size for NTM instability. 
Figure 5 shows that the discharge of Fig. 1 
with ECCD is stable where other similar 
discharges are unstable. It is possible that a 
discharge like 122907 with ECCD may be 
stable to "N above the no-wall " limit, but 
this has not yet been tested. 

Modeling the discharge using the modified 
Rutherford equation shows that pre-emptive 
ECCD at the level of discharge 122907 
removes the unstable parameter space. Figure 6 shows the calculated normalized growth rate 
of the 2/1 NTM as a function of the island width. The upper curve is the growth rate if no 
ECCD were applied. It shows that a trigger mode of width 2.5 cm is needed for the 2/1 mode 
to grow, and that if growth takes place the island width will saturate at 14 cm, a very large 
island which likely would have locked before reaching saturation. The lower curve is for the 
same discharge but including the effect of ECCD. The ECCD makes "' more negative [12], 

FIG. 4. (a) Profile of ECCD (colored bands) 
and the minor radius of the q = 2 surface 
calculated from post-discharge reconstruction 
including MSE data but without pressure 
data, and (b) toroidal magnetic field 
controlled by the PCS, as a function of time, 
for the same discharge as that of Fig. 3. A 
change in BT of 0.01 T gives a radial shift of 
the ECCD location by 0.9 cm. 

FIG. 5. Pre-emptive ECCD avoids the 
m/n = 2/1 NTM in Hybrid scenario 
discharges at the n = 1 no-wall ideal kink 
beta limit in DIII-D, estimated as 4li. 
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enhancing the stability, and no island size is unstable. In the model [15] for the curves in 
Fig. 6, the effect of replacing the missing bootstrap current is included. From experiment, the 
misalignment of the ECCD !" at 6475 ms is 0.38#EC, where #EC is the FWHM of the ECCD 
profile. The peak of the ECCD is 0.70 jbs, where jbs is the local bootstrap current density. 
Other qualities which enter the model are jbs/j|| = 0.22, where j|| is a current density 
characteristic of the equilibrium, the magnetic shear length is 32 cm, and the marginal island 
width is 3.8 cm. The effect of the ECCD on the classical instability index "' is to reduce r"' 
from -2.0 to -3.8 [16]. 

 

FIG. 6. Modeling for t = 6475 ms in 122907 shows that pre-emptive ECCD makes the 
growth rate of the 2/1 NTM negative for all island widths. The red x shows the measured 
saturation island width for the discharge of Fig. 1 after the ECCD is ended and the mode 
becomes unstable, with the $ slightly lower due to the effect of the island on confinement 

and saturation of the neutral beam power in maintaining $N. 

A very similar discharge, 122906, shows that the condition ú w < 0 for all values of w is 
indeed marginal, as shown in the lower curve of Fig. 6. In 122906, the 2/1 mode is 
completely stabilized using 2.4 MW of EC power, but when the EC power decreases to 
1.75 MW at 5840 ms, the 2/1 mode promptly grows. The reduction in EC power raises the 
�with ECCD� curve of Fig. 6 so that an unstable range of w is introduced. 

4. Conclusions 

This work shows that pre-emptive avoidance of the 2/1 NTM by application of ECCD at the 
q = 2  surface avoids many of the problems affecting stabilization of a fully-grown mode. A 
key benefit is that the locking of a 2/1 NTM to the resistive wall may be eliminated, and it is 
this locking that leads to disruption, which may be a major concern in a large device like 
ITER. The key problem with pre-emptive ECCD is getting the ECCD at the correct location, 
which is difficult to achieve in the absence of the mode. Here we have shown that real-time 
reconstructions of the equilibria can be used to find and track the flux surface where q = 2 . A 
simple model for EC wave propagation and deposition was used by the digital plasma control 
system to determine the optimum magnitude of the toroidal field giving alignment of the 
ECCD with the rational surface. (Alignment control in ITER would be done using real-time 
steerable mirrors.) The resultant improvement in stability can be understood in terms of the 
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modified Rutherford equation including the effects of the localized ECCD on both the 
classical stability index and replacing the missing bootstrap current. Future experiments will 
test whether the ! can be raised above the no-wall limit. 

This work was supported, in part, by the U.S. Department of Energy under DE-FC02-
04ER54698. 

References 

[1] LA HAYE, R.J., PRATER, R., BUTTERY, R.J., et al., Nucl. Fusion 46 (2006) 451. 
[2] LUCE, T.C., WADE, M.R., FERRON, J.R., Phys. Plasmas 11 (2004) 2627. 
[3] HEGNA, C., and CALLEN, J., Phys. Plasmas 4, 2940 (1997). 
[4] ZOHM, H., Phys. Plasmas 4, 3433 (1997). 
[5] GANTENBEIN, G., ZOHM, H., GIRUZZI, G., et al., Phys. Rev. Lett. 85, (2000) 1242. 
[6] PRATER, R., LUCE, T.C., PETTY, C.C., et al., Fusion Energy 2000 (Proc. 18th Int. 

Conf. Sorrento, 2000) (Vienna: IAEA) 
http://www.iaea.org/programmes/ripc/physics/fec2000/html/node114.htm. 

[7] ISAYAMA, A., KAMADA, Y., IDE, S., et al., Plasma Phys. Control. Fusion 42 (2001) 
L37. 

[8] PETTY, C.C., LA HAYE, R.J., LUCE, T.C., et al., Nucl. Fusion 44 (2004) 243. 
[9] GANTENBEIN, G., et al., Proc. 30th EPS Conf. on Plasma Physics, St Petersburg, 

Russia, Vol. 27A (2004) p. 1.120. 
[10] PRATER, R., LA HAYE, R.J., LOHR, J., et al., Nucl. Fusion 43 (2003) 1128. 
[11] LA HAYE, R.J., HUMPHREYS, D.A., FERRON, J.R., et al., Nucl. Fusion 45 (2005) 

L37. 
[12] PLETZER, A., and PERKINS, F.W., Phys. Plasmas 6 (1999) 1589. 
[13] RUTHERFORD, P.H., Phys. Fluids 16 (1973) 1903. 
[14] NAGASAKI, K., ISAYAMA, A., IDE, S., Nucl. Fusion 43 (2003) L7. 
[15] LA HAYE, R.J., et al., this conference. 
[16] WESTERHOF, E., Nucl. Fusion 30 (1990) 1143. 



<<
  /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 1.2
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /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 0.15
    /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
  /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 0.15
    /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
  /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 ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


