
Intermittent behavior of plasma can be seen in ther-
mally non-equilibrium open systems, for example the so-
lar flare in the sun and the plasma blobs in the mag-
netically confined fusion devices and the laboratory. Re-
cently, an intermittent behavior of floating potential sig-
nal has been observed in a linear electron cyclotron res-
onance (ECR) plasma.1, 2) This phenomena occurs ran-
domly, and the probably density function of waiting time
follows an exponential distribution. In order to clarify
the mechanism of the intermittent floating potential be-
havior, we have studied the spatiotemporal behavior of
the phenomenon.

The experiment was performed in the HYPER-I
device3) at NIFS. The device has a cylindrical vacuum
chamber with 2.0 in axial length and 0.3 m in inner di-
ameter. The eight magnetic coils produced a weakly-
diverging magnetic field (< 0.12 T). Plasma was pro-
duced by ECR heating with a 2.45 GHz microwave (the
microwave power of 20 kW and a helium gas pressure of
1.5 mTorr in this experiment).

To obtain the 2D structure of the intermittent
phenomenon, we developed the high-impedance wire
grid (HIWG) detector.4) The HIWG detector consists
of the electrically isolated 16 wire electrodes (8 hori-
zontal and 8 vertical) as shown in Fig. 1(a). Each
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Fig. 1: (a): A picture of the HIWG detector, and (b):
time series of floating potential. (c): Time slices of the
reconstruction result.4)

wire measures the floating potential as shown in Fig.
1(b), and the 2D distribution of the floating poten-
tial spikes is reconstructed by making a structure ma-
trix defined by geometrical mean of floating potentials,
F (j = 1, 2, · · · , 8, k = 1, 2, · · · , 8). Figure 1(c) shows the
time slices of a single event, and the growth and decay
process of the floating potential spike with typical diam-
eter of 40 mm is clearly visualized.

We also evaluated the electron density, electron
temperature, and also neutral gas density with an ICCD
camera. The camera measures the line-integrated emis-
sion along the axis of chamber. A Langmuir probe was
also introduced to extract the trigger signal for condi-
tional operation of ICCD camera. Figure 2(a) shows the
conditionally averaged 2D distribution of emission inten-
sity ratio of 728 nm spectral line (He-I) to 706 nm one
(He-I). Since this ratio has a positive dependence to the
electron temperature, it is found that the high electron
temperature region (hot spot) with a diameter of 40 mm
is produced in the plasma. Figure 2(b) shows the tem-
poral behavior of the electron temperature inside and
outside the hot spot. The temperature is evaluated from
the conditionally averaged current-voltage characteristic
of Langmuir probe. The electron temperature locally in-
creases and reaches about 25 eV, and then, decays within
30 µs.

These results indicate that a growth-decay process
of high electron temperature region (hot spot) occurs in
the ECR plasma. The spatiotemporal behavior of the
hot spot seems to be similar to the bubbles in boiling
water.
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Fig. 2: (a) 2D distribution of emission intensity ratio
between two He-I spectral lines. (b): Temporal behavior
of the electron temperature in the center of hot spot
(circles) and outside the hot spot (boxes).
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Experimental understanding of flow structure re-
quires measurement of flow velocity field. While the di-
rectional Langmuir probe method is applied to various
vortices in cylindrical plasmas1), Doppler spectroscopy
using the laser induced fluorescence (LIF) is developed
as a less perturbative measurement method2). The latter
also has an advantage in absolute velocity measurement.
On the other hand, in some theoretical considerations
Mach number is a better measure. When the plasma
has a finite ion temperature, the ion sound velocity is a
function of both electron and ion temperatures. There-
fore ion temperature measurement is important as well
as that of the electron temperature. Since the LIF spec-
trum includes Doppler broadening, ion temperature can
be obtained by the LIF measurement of the ion. On the
other hand, the spectrum is also broadened by the line
width of the laser. Therefore evaluation of the laser line
width is necessary for the ion temperature measurement.

In our previous work, a LIF Doppler spectroscopy
system has been developed for the HYPER-I device3).
A pulsed Nd:YAG laser and a dye laser were used for
the experiments. LIF spectrum of argon ion (611.5 nm
for excitation, 461.0 nm for fluorescence) was obtained.
Then, flow velocity of argon ion was determined from the
Doppler shift of the spectrum. While Fabry-Perot inter-
ferometers are usually used for evaluation of laser line
width of diode lasers, optimization of the free spectrum
range and finesse is also important to utilize the interfer-
ometers in advance of optical alignment. Because the line
width of the pulsed laser system is expected to be broader
than that of the diode lasers, utilizing grating monochro-
mator can be a solution for the line width measurement
in the pulsed laser system. In this report, evaluation of
the laser line width using a grating monochromator is
described.

The first step is to evaluate the instrumental width
of monochromator. In the experiment, a Czerny-Turner
mount monochromator was used. The focal length was
1m. The full width at half maximum (FWHM) of line
spectra as a function of slit width is shown in Fig. 1,
where a hollow cathode lamp and an electron cyclotron
resonance plasma were used for the light source. The
instrumental width of the monochromator is less than 6
pm for slit width smaller than 5 μm.

In the next step, the laser spectrum was observed
using the monochromator as shown in Fig. 2. Broadening
of the spectrum results from both the instrumental width
and the laser line width. The former is represented by
Gaussian and the latter by Lorentzian. Considering the
instrumental width determined above, we can determine

the laser line width from the spectrum by Voigt function
fitting. Then the line width is about 1.9 pm at 611.5 nm.

Finally, lower limit of measurable ion temperature
of LIF Doppler spectroscopy is discussed. Since broad-
ening of LIF spectrum contains both the Doppler broad-
ening and the laser line width, deconvolution is needed
for experimental analysis. In order estimation, a signifi-
cant Doppler broadening is comparable to the laser line
width, ∼ 2 pm. The width, then, corresponds to an ion
temperature of 0.08 eV. On the other hand, an instru-
mental width determines lower limit for passive spec-
troscopy: When the instrumental width is 6 pm, the
lower limit is 0.7 eV. Therefore about one order improve-
ment is expected for ion temperature measurement us-
ing the LIF Doppler spectroscopy instead of the passive
spectroscopy.

0 20 40 60 80 100
slit width [µm]

0

10

20

30

40

50

FW
H

M
 [p

m
]

Fig. 1: Instrumental width of a f = 1m monochromator
measured by neutral line emissions (•) and by ion ones
(�).

Fig. 2: Line spectrum of a pulsed dye laser measured
by a monochromator.
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