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Introduction

In order to avoid damage to plasma-facing components on ITypR;| edge-localized modes
(ELMs) must be either mitigated or suppressed [1]. The appbn of resonant magnetic pertur-
bations (RMPs) to the plasma provides a promising method M Elitigation or suppression.
However, in order to understand the mechanism by which RMEgatte or suppress ELMs, it
IS necessary to understand the plasma response to theadjgpliof RMPs.

RMPs can be applied to TEXTOR plasmas using the Dynamic Ecdowertor (DED) [2].
TEXTOR is also equipped with a fast movable Mirnov probe (FR)\apable of measuring the
magnetic field structure in the edge of TEXTOR plasmas witlliad RMPs. By subtracting the
vacuum magnetic field, direct measurements of the plasrpames to RMPs can be obtained.

Experimental setup

TEXTOR’s DED consists of sixteen helical coils on the highefigde (HFS) of TEXTOR. It
can be configured to produce fields with mode nunmbar = 3/1 or 6/2. The results presented
here were obtained with the DED iy B configuration. The DED frequencies that are available
in this configuration are-1 kHz and+5kHz, where positive frequencies represent a rotation of
the field in the counter-current (electron diamagnetictddirection and negative frequencies
correspond to the co-current direction.

The FMMP is located at the midplane on the low-field side (LBEJEXTOR and can be
plunged into the plasma edge in order to obtain radial pobfehe magnetic field. The probe
contains three groups of three Mirnov coils. Within evergugy, one coil is oriented in each of
the radial, toroidal and poloidal directions so that evemnponent of the magnetic field can be

measured at three locations simultaneously.
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An example of the measurements taken by the FMMP can be

seen in figure 1. This example shows data from the coil in the
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group closest to the plasma that measures the poloidal compo®: ; ; :
nent of the magnetic fieldg. The vacuum field is subtracted 2 . AR
from the data, and the remaining field is considered to be gean: ; ; i
erated by the plasma as a response to the applied RMPs. ;m r" PR

When the probe is plunged into the plasma, radial profilesgofﬂ’% : 5 ;

t/s

the amplitude and phase of the plasma response are obtained.

The duration of the probe plunge is much longer than the DE§Ure 1: Measurements of
time period, so many DED cycles occur during a single plung&€ amplitude (middle) and
If probe measurements taken at different radial locatiarts Bnase (bottom) o®Bgpiasma
at the same point in the DED cycle are compared, then ér%ﬂvacuum and dBgtotal as the
difference in the amplitude or phase of these measurementd§D current (top) is ramped
most likely due to radial variation idB. Therefore, if6B is UP, maintained at a constant
plotted as a function of radius and time point in the DED cyc)lueé and then ramped down.
radial variations in the amplitude or phased@ should appear.

Figure 2 shows three examples of such plots. An example facaum shot is shown in
figure 2 @). In this case, there is no measureable radial variatioharDED field. Figure 2k
and €) show similar plots but with the addition of a TEXTOR plasnrafigure 2 @), there is a
clear~ 180° jump in the phase @By atr ~ 45cm. This is interpreted as being caused by the
presence of a screening current at this radial location¢chvehould correspond to a resonant
surface. Figure 2d) shows no such phase jump, but a resonant surface is expecedst

within the range of covered by the probe. This is interpreted as penetratioheoRIMP field
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Figure 2: Example contour plots foa)(a vacuum shot i) screening andd field penetration.
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Observation of screening currents

The first observations of screening currents on multiplemast surfaces in the same probe
plunge are reported. These observations have been regdeate&D frequencies oft1kHz
and+5kHz. The observation of multiple resonant surfaces raisegossibility of observing
overlapping surfaces or the formation of a stochastic regetween surfaces. This would be
more likely with the DED in 82 configuration since there would be more resonant surfages a
they would be closer together. Experiments ji2 @onfiguration are included in future plans.

Figure 3 shows how the topology of the edge poloidal magrietid changes as the DED
current is increased with a frequency fep = —1kHz. This DED current scan was carried
out with toroidal fieldBt = 1.6 T, plasma currerip = 180kA and line-averaged electron den-
sity ne = 10°m~3. At Ipgp = 1.3KA, two ~ 180° phase jumps are clearly visible, indicating
screening on two resonant surfaces. Based on an equilibegonstruction using the DIVA
code, the two outermost surfaces are identified agjthed andq = 5 surfaces. As the DED
current is increased, there is a gradual shift in the phagBgfoutside of theq = 5 surface
such that the phase jump across the surface is reduce®@s atlpep = 1.6 kKA. At this value

of DED current, the amplitude @Bg begins to increase sharply inside the: 4 surface.

@x”/ch 2
15
1
05
0
-05
-1
-15
0.5 1 15 2

0

0.5 1 .
Fraction of DED cycle Fraction of DED cycle

(@) (b) ()

@681/2 / Gl/Z

® 58Y2 ) 12

o
r/cm

15

0.5 1 05 1 0.5 1
Fraction of DED cycle Fraction of DED cycle Fraction of DED cycle

(d) (e) ()

Figure 3: Topology of the edge poloidal magnetic field with BDfrequency of—1kHz and
current of @) 1.3KkA, (b) 1.4KA, (c) 1.5kA, (d) 1.6KA, (e) 1.7kA and ) 1.8kA.
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At Ipep = 1.8KA, the screening currents suddenly disappear and thataogbfdBg sud-
denly increases throughout the plasma edge. An analysieafdta from an array of in-vessel
Mirnov coils reveals that am/n = 2/1 mode appears shortly after the DED current reaches
its flat-top value ofipep = 1.8kA. This 2/1 mode becomes locked to the DED frequency and
could be responsible for the sudden increase in the amplfidBg atlpep = 1.8 KA.

Another DED current scan was carried out for the same plasraneters as above but with
DED frequencyfpep = +1kHz. The results were similar except that field penetradiccurred
at just 12kA. A lower threshold for field penetration is expected sititere is less difference
between the intrinsic plasma rotation and the rotation @RED field.

Figure 4 shows the vacuum reference shot for-tiekHz
DED current scan. It can be seen that not only is the amplitude ,
of the penetrated RMP field in figure B Gignificantly greater * JS

50
than the amplitude of the vacuum field but also that the phasg
differs by~ 180°. This is possibly due to the’2 mode. How- S
ever, in the case of full screening on both resonant surfiaces™

figure 3 @), the phase of the field outside of the= 5 surface

also differs from that of the vacuum field by 180°.
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. Figure 4: Vacuum reference
Summary and conclusions

The first observations of screening currents on multiple rSQOt forthe DED current scan.
onant surfaces have been made, and the transition fronnscree
ing to field penetration has been measured. After RMP fieldtpatian, the fluctuating part of
the magnetic field has a significantly greater amplitude and.80° phase difference compared
to the vacuum case. This is possibly a result of the penetrafia 2/1 mode. The threshold for
RMP field penetration is found to be lower when the DED field te¢an the counter-current
direction since there is less difference between the sitriplasma rotation and the rotation of

the DED field.
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