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In magnetic confinement plasmas, plasma rotation plays an important role in the penetration and propagation
processes of external RMP fields. To investigate the relation between the penetration of RMP fields and plasma
flow, we have created a new type of Mach probe array to measure plasma flow profiles. The experimental results
show that plasma flow around the q = 3 resonant surface decreases with increases in RMP fields.
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In magnetic confinement plasmas, resonant magnetic
perturbation (RMP) fields are expected to control the trans-
port and MHD instability in the edge region. In several
tokamaks, the investigations on the effect of RMP fields
in the plasma have indicated that the penetration of RMP
fields into the plasma depends on the shielding current at
the resonant surface [1–3]. Therefore, the plasma rotation
in the vicinity of the resonant surface plays a crucial role
in the penetration process of RMP fields. In this study,
the plasma flow profile of HYBTOK-II tokamak plasma in
the presence of RMP fields was measured via a new Mach
probe array to investigate the relation between the penetra-
tion of RMP fields and plasma flow.

The major and limiter radii of HYBTOK-II tokamak
are 40 cm and 11 cm, respectively. The RMP coils are in-
stalled at R = 68 cm have n = 1 mode structure, as shown
in Fig. 1 (a). The RMP fields are rotated in the toroidal di-
rection by changing the phase difference of the two coil
currents. The phase difference of coil currents was set to
90◦ and the rotational direction was clockwise. A new
Mach probe array was installed in the side port of #7, as
shown in Fig. 1 (b). This probe, shown in Fig. 1 (c), has
high spatial resolution, which is 2 mm and the channel
number is 30, because it has the laminar structure of ce-
ramics with signal lines. In this study, ion saturation cur-
rents at the upper and lower surfaces of the probe were
measured to estimate the poloidal flow.

Figure 2 shows the waveforms of RMP coil currents,
ion saturation currents measured on the upper and lower
surfaces of Mach probe, and the poloidal magnetic field
fluctuation of m = 3 mode on the low field side. The
RMP fields were applied between t = 9 - 17 ms and the
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coil current IRMP and frequency were 100 A and 3 kHz, re-
spectively. In Fig. 2 (b), the waveform of the ion saturation
current shows a moving average of 0.1 ms. Because the ion
saturation current at the upper surface was larger than that
at the lower surface, the poloidal flow was in the ion dia-
magnetic direction. In Fig. 2 (c), the waveform of m = 3
mode, after subtracting the signal without the plasma, was
calculated using 8 magnetic coil signals and the following

Fig. 1 Structure of the RMP coils installed in HYBTOK-II (a),
schematic of Mach probe array measurement system (b),
and schematic of Mach probe array (c).
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Fig. 2 Time evolution of RMP coil currents (a), ion saturation
currents at upper and lower surfaces of Mach probe (b)
and m = 3 mode signal estimated from poloidal magnetic
fluctuations (c).

Fourier expansion equations.

Ḃθ(θ) =
∑

(am cos mθ + bm sin mθ), (1)

am =
1
π

∫
Ḃθ(θ) cos mθdθ, (2)

bm =
1
π

∫
Ḃθ(θ) sin mθdθ. (3)

Here, Ḃθ, θ, and m are the time derivative of the poloidal
magnetic field, the poloidal angle, and the poloidal mode
number, respectively. The signal in Fig. 2 (c) was estimated
by substituting θ = 0◦ and m = 3 in Eq. (1).

Figure 3 shows the power spectra of the ion satura-
tion current and m = 3 mode signal, calculated by ap-
plying a fast Fourier transform for t = 10 - 14 ms to the
data in Fig. 2. When RMP coil current was 20 A, the
main frequency components of the magnetic signal and
ion saturation current fluctuation appeared in the vicinity
of f = 10 kHz, and seemed to be MHD fluctuations. These
fluctuations were also found at IRMP = 50 and 100 A. On
the contrary, the 3 kHz component, which was the driving
frequency of RMP fields, was not found at IRMP = 20 A;
Therefore, such RMP fields have a negligible influence on
the plasma. Because the 3 kHz components of m = 3 mode
and ion saturation current increased with the increasing of
RMP coil current, we consider that the magnetic island
formed and grew around the q = 3 resonant surface.

Figure 4 shows the time-averaged profiles of Mach
number and safety factor q for t = 10 - 14 ms. In Fig. 4 (a),

Fig. 3 FFT power spectra of m = 3 mode signals (a) and ion
saturation currents measured at the upper surface of Mach
probe (b).

Fig. 4 Profiles of poloidal Mach number estimated from ratio
of ion saturation currents at up and downstream (a) and
safety factor (b).

the Mach number depends on the poloidal flow and pos-
itive values indicate the ion diamagnetic direction. The
Mach number M was calculated as follows:

M/Mc = ln ( ju/ jd) . (4)

Here, the coefficient Mc = cs/4vt, ju and jd are the up-
stream and downstream current densities, respectively [4].
The value of M/Mc at IRMP = 20 A monotonically in-
creased toward the center of the plasma. The value of
M/Mc around the q = 3 surface at IRMP = 50 A was smaller
than at IRMP = 20 A, and the value at IRMP = 100 A was
even smaller. In conclusion, we found that the poloidal
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flow around the q = 3 surface decreased when RMP fields
were applied. In addition, we speculate that E×B and dia-
magnetic drift velocities decrease with the flattening of the
electron temperature and density profiles in the m/n = 3/1
magnetic island.
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