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Investigation of turbulence in reversed field pinch plasma by using
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Turbulence in the reversed field pinch (RFP) plasma has been investigated by using the microwave
imaging reflectometry in the toroidal pinch experiment RX (TPE-RX). In conventional RFP
plasma, the fluctuations are dominated by the intermittent blob-like structures. These structures are
accompanied with the generation of magnetic field, the strong turbulence, and high nonlinear coupling among the high and low k modes. The pulsed poloidal current drive operation, which
improves the plasma confinement significantly, suppresses the dynamo, the turbulence, and the
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blob-like structures. V
be the reason why PPCD improves the plasma confinement
significantly.
Figure 1 shows the schematic diagram of the MIR system in the toroidal pinch experiment RX (TPE-RX), which is
a large RFP device with the major radius of R ¼ 1.72 m and
the minor radius of a ¼ 0.45 m (Ref. 14). Details of the MIR
system have been reported previously.12,13 In this system,
the plasma is illuminated by the O-mode microwave with the
frequency of 20 GHz, which corresponds to the cutoff density of 0.5  1019 m 3. The image of the cutoff surface is
made onto the imaging detector by the optical system (M1,
M2). The imaging detector is made of a 4  4 planar YagiUda antenna array on a teflon printed circuit board. The spatial resolution is 3.7 cm in toroidal and poloidal directions.
The reflected microwave signal can be written as Aei/eixt,
where x is the microwave frequency, A and / are the amplitude and the phase, respectively. In the simulation and the
laboratory test, we found that the phase / corresponds to the
displacement of the cutoff surface in the radial direction and
the amplitude A corresponds to the shape of the cutoff surface.15 The amplitude A and phase / are detected by an RF
detector and a quadrature detector, respectively. The quadrature detector provides the in-phase (I  cos/) and quadrature
(Q  sin /) signals.
Figure 2 shows the plasma current (Ip), the reversal parameter (F ¼ Bt(a)/hBti), the central chord soft X-ray (SXR),
the central chord line averaged density (nea( 1019 m 3)),
the normalized cutoff radius (rcut), the amplitude signals of
MIR and their wavelet spectra in typical examples of the
PPCD and the conventional RFP plasmas. The plasma density is measured by a dual-chord interferometer in TPE-RX.
One chord views the center and the other one views at r/
a ¼ 0.69. The density profile is estimated by fitting the experimental data with n(r,t) ¼ ne(0,t)(1  r4)(1 þ Cr4), where C
is the profile factor. C > 0 denotes the hollow density profile,
and C < 0 denotes the peaked density profile.13 The

The reversed field pinch (RFP) is a toroidal plasma confinement system with a unique feature that the toroidal field is
reversed at the edge.1 The RFP configuration is sustained by a
dynamo action. As the dynamo is also a mechanism of generation and sustainment of the magnetic field in the universe,2 the
dynamo is an important issue in the plasma physics. It is considered that the dynamo is driven by the turbulence so that the
plasma confinement in conventional RFP is poor.2 The tearing
instabilities are dominant in RFP.1 So the current drive can
stabilize the magnetic fluctuation and improve the confinement. The pulsed poloidal current drive (PPCD) has been
demonstrated in MST and used in other RFP devices.3,4 In
PPCD plasma, the external electric field is generated by the
current in the coil embedded in the toroidal field coil.5 This
external electric field can drive the poloidal current so that the
reversal field can be sustained without the help of the electromotive force driven by fluctuation. Therefore, PPCD sustains
the reversed field externally and improves the confinement
significantly.3,6 Turbulence must play an important role in this
case. Despite its importance, measurements of the turbulence
have been limited at the edge plasma region in RFP so far.7,8
This paper presents the first fluctuation measurement near
the reversal surface by using the microwave imaging reflectometry (MIR).9–13 In a conventional reflectometer, the
reflected signal contains components from multiple fragmented wave fronts caused by turbulence, resulting in a complicated interference pattern at the detector plane, and the
assumption of the simple relation between the signal and the
density fluctuation fails. In an MIR system, a wide aperture
optical system is used to form an image of the reflected surface onto the detector array located at the image plane. As a
result, MIR signal is the reflection of microwave from the fluctuation of the reflection surface, which corresponds to the
equi-density surface. Significant observation is as follows:
the shape of reflection surface in conventional RFP is a bloblike structure and that in PPCD plasma is sinusoidal. This may
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