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Two-dimensional Measurement of Density Fluctuation
using Beam Emission Spectroscopy in HeliotronJ
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This paper reports the development and experimental observation of the density fluctuation by Beam
Emission Spectroscopy (BES) in Heliotron J. To obtain the two-dimentional stracture of the density
fluctuation, the sightlines are improved in radial and poloidal direction from 16x1 to 16x2 . The density
fluctuation with a frequancy of 15-20kHz was measured in the core (r/a<0.4) region of the ECH+NBI
plasma. The propagation direction of the fluctuation was estimated to calculate the frequancy-wavenumber
spectra by two-point correlation analysis. As a result, the poloidal propagation of the fluctuation was the
ions diamagnetic drift direction, in the laboratory system.

1. Introduction

To improve the plasma confinement, measurement
of plasma fluctuation is important to understand
mechanism of the turbulent transport. The density
fluctuation has been measured by the technique of
beam emission spectroscopy (BES) in many torus
devices [1]. BES system installed in Heliotron J has
16 sightlines in the radial direction, and the radial
profile of the density fluctuation has been measured
[2]. To understand the spatial structure of the
density fluctuation in detail, the 2-D measurement
of the density fluctuation is required. In this study
we improve the BES system to obtain the
propagation of the fluctuation in radial and poloidal
directions.

2. BES System

The principle of the BES is as follows; when
neutral beam is injected into the plasma, the beam
particle collides with an electrons or ions, and
neutral beam particles are excited and de-excited.
Then we can evaluate the density fluctuation from
the beam emission released at de-excitation.
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We installed additional 16 sightlines along with the
16 existing sightlines. The observation region of
BES in radial direction is r/a=0.11~0.97 in a
standard configuration. Distance of the optical fiber
in the poloidal direction dz is 0.74cm.

3. Analytical Method

The frequency-wavenumber spectra S(f,k) analysis
is used to evaluate a propagation direction of the
density fluctuation.
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Fig.1. Overview of the BES system



Here, the indicator function 1, (x) is defined as
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S',(f)ands’,-(f)are power spectra measured at
two points. k'(f)=A@',, (f)/Ax is the local
wavenumber, A@';-(f) is the phase difference

between the two signals.

Using expression (2), wave vector is evaluated.
Because a direction of the wave vector is equivalent
to the propagation direction of the fluctuation, we
can measure the propagation direction of the
fluctuation from the sign of wavenumber. In this
study, the positive value of ke is defined as a
fluctuation drift propagating in the ions diamagnetic
drift direction.

4. Experimental Results and Discussion

In the ECH+NBI plasma, we measured the density
fluctuation using the 16x2 sightlines. Figure 2
shows the time evolutions of heating (NBI,ECH),
line-averaged electron density, stored energy and
the BES power spectral density (PSD) at r/a=0.3. A
relatively high intensity (Nn/n=0.8%) fluctuation

was observed in the frequency range of f=15-20kHz.

Figure 3 shows the radial profile of the low
frequency fluctuation intensity. The value of the
coherence to the magnetic prove signal is 0.4, so it
is expected that the fluctuation is driven by an
MHD instability.

Figure 4 shows the the frequency-wavenumber
spectra S(f,k) at r/a~0.28. The poloidal and radial
wavenumbers (Ko, ki) were obtained in the range of
20<ke<45 m? and 75<k,<125 m?, respectively.
Figure 5 shows the radial profile of the poloidal and
radial wavenumbers (ko, k). From these, the
poloidal mode number m is expected to be 1~2, and
in the laboratory system, the fluctuation propagates
in the ions diamagnetic drift direction, and the
radial propagation of the fluctuation is outward
direction. But the mode has been not identified yet.
So we have to discuss the characteristics of this
mode with taking the ploidal flow, density and
temperature profiles into account.
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Fig.2. Time evolutions of heating (NBI,ECH),

line-averaged electron density, stored energy, and the
BES PSD at r/a=0.3
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Fig.3. The radial profile of the fluctuation intensity and
coherence to the magnetic probe signal (f:15-20 kHz)
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Fig.4. S(f k) spectrum at r/a~0.28
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Fig.5. The radial profile of ko and k; of the fluctuation
(f:15-20 kHz)
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