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Introduction

Recently the TEXTOR group has proposed the concept of dynamic ergodic divertor
(DED) [1] as one of the advanced tokamak scenarios. In the DED operation a rotating helical
field is applied to induce the plasma rotation at the edge. The rotating frequency can be
changed from dc to a few tens kilohertz depending on the required operational scheme.

On the other hand, the next step fusion device such as ITER-FEAT requires the high
bootstrap current and high beta operation to achieve the long pulse discharge, and for good
evidence for a future nuclear fusion reactor. However, such a highly advanced operation
might create some new MHD activities, i.e,, NTM and RWM. These modes are both related to
the magnetic reconnection process at the resonance surface and the RWM stabilization is
particularly found to be correlated with the plasma rotation [2]. In these contexts, the plasma
response to the magnetic perturbation under the effect of plasma rotation becomes
increasingly important.

In this paper we investigate the plasma response to the externally applied rotating helical
field (RHF) with changing the rotating frequency of the RHF. We will discuss the plasma
response to the external perturbation comparing the experiments with the linear analysis.

Experimental Setup

The compact research tokamak CSTN-IV [3] has the major radius of 0.4 m and minor
radius of 0.1 m. The toroidal field is kept at 0.086 T in steady state. The RHF is induced with
two sets of loca helical coils (LHC) which create the (m, n) = (6, 1) mode perturbation. The
coils are powered with rectangular ac voltage of 90 deg. phase difference in order to induce
the traveling perturbation field. The radial and poloidal magnetic field on the midplane were
measured using the small magnetic probes. From the q profile which was obtained by the
measured poloidal field, the resonance surface for the (m, n) = (6, 1) mode is estimated at r =
7.5 cm. The amplitude of the RHF at the resonance surface is about 0.6 Gauss, which gives
6.7 mm as a saturated island width. The resistive MHD parameters in our device are as
follows: the resistive diffusiontime 7 5 = uoa2 /7 ~ 350 us,theAlfvén transit time
7p =RqQ/V, ~ 25us, and Lundquist number S=r7g /7, ~140. We have arelatively small
Lundquist number due to the low temperature (~15€V) and also a small island growth time,
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which is afew microsemnds.

Experimental Results

Figure 1 shows the plasma resporse to the RHF where the rotation speed of RHF is
close to that of intrinsic plasma rotation, i.e., EXB drift which was deduced from the probe
measurements. The plasma alge is at r = 10 cm, and the LHC's at 10.5 cm. Since the
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Linear Analysis

It is assumed that the outer solution is aways in equili brium because the Alfvén transit
time is much lessthan the period d RHF. The behaviour of single mode (m, n) perturbation
field in the case of forced reamnnedion is described by the equation [4],

1o( oy m* &, oy .
el I Bl e e A W qolr—r 1
rar[ 5f} r? o ar By(1-gn/m) HoJeoi 51 = Tc) (1)

where j., and r, are the current in the perturbation coil and its locaion, and ¢ is the
delta function, respectively. Under the approximation that the plasma current is mostly
concentrated inside the rational surface, we can write the stability index of the mode as[5],
; A"=Ap + Al )
o réss:r-;:gi:e ' . ',i where A’ and A} denote the total stability index
' and the index of natural mode, respectively. Because
of the very low temperature in our device, the sheet
current would diffuse across the island width rapidly.
For this reason we approximate as

2x10°

rs+0

oy lor|*
at r = rs, which gives the relation between the vacuum
field Y¥,,. andtheplasmaresponse ¥ atr=rs[5],

Y= [Z—mj\yvac- (4)
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FIG.3 The linear analysis of the ]
plasma resporse (a) dB, and (b) dB, response should be taken into account through the

for various 2. reconnection process in the resistive layer since the outer
solution is independent of the time derivative. The amount of reconnection at the resonance
surface is obtained by the equation [6],

v 1

Wil 1+e57/8 (7 )P4
here, A=21(314)I(-rsApT(1/ 4)) (6)
where ¥, is the amount of reconnected flux driven by the applied perturbation in the
absence of any current sheet a r = rs, and rc(: s¥ STA) is the reconnection time scale of
drift tearing mode, respectively. Combining Egs. (4), (5), we obtain the frequency dependence
of the plasmaresponseat r = rs,
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We analyzed the natural mode stability using the measured q profile, and obtained the stability
index rgAy =-9.71,thus 1=0.22.
Eg. (1) was solved under the boundary condition,

imyp(r)=0, w(rs+0)=p(rs-0) ®)

as well as Eq. (7). Figure 3 shows the modification dB’ and dB, for various frequencies
Q' . Increasing the frequency reduces the amplification of I§§r and in the case of 15kHz the
attenuation is observed at r > 7.5 cm. It isnoted that the B, isstill amplified at r < 7 cm even
when it is attenuated around the resonance surface in 15kHz. As the frequency increases, the
attenuation of B'g around r = rg and the amplification at r < 7 cm and r > 8 cm become small.
Thus the amount of modification of the perturbation field decreases as increasing the
frequency Q'.

Discussion and Conclusion

As shown in Fig. 2, 3 we obtained a good agreement between experiments and the
present linear analysis. It means that the plasma response observed in the present experiments
iswell described by the Eq. (1), i.e., the third term on the left hand side. One can find that the
term represent the redistribution of plasma current due to the reconnection. In our
experimental condition the reconnection time scale 7. is very short because of the low
temperature, which is estimated at 48 us. Therefore the magnetic island has enough time to
grow, and the aurrent redistribution effed become dominant.

In the larger tokamak device such as TEXTOR, however, the inertia dfed (in ather
words the skin effect around r = rg) is no longer negligible. Considering the higher
temperature case, the model shoud be developed by including the dfect of bath the aurrent
redistribution and the skin effed, as foll ows;

rorl or 27 88 +Vig 1 Q2

Ho . dy :
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where 6y and Van, are the skin depth o the plasma and the pooidal Alfven speed
respedively, which is now under investigation.
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