
 

High concentration of negative hydrogen (H-) ions in the 

area near the plasma grid of the LHD one third ion source 

produces wide variety of characteristic plasma behaviors.  

The diagnostic system of the one third ion source has been 

constantly improved and expanded the capability so as to 

obtain more accurate information on the H- ion extraction 

from the source. The LHD one third ion source is currently 

the only ion source equipped with many plasma diagnostic 

tools that can deliver the H- beam with the intensity close to 

the source used for the actual fusion research test machines. 

Taking full advantage of the results obatained by other 

diagnostics, the correlation between the plasma condition 

and the line spectrum profile of the plasma light emission 

from the extraction region are currently being investigated 

using a 1 m focal length high resolution spectrometer.  Due 

to the fine structure of the hydrogen atom excited to n=3 

level, Balmer-  spectrum exhibits a broadening as the 
monochromator observes the light emission from a low 

temperature capillary discharge hydrogen plasma.  This 

spectrum together with the spectrum from a HgI line served 

as the reference to make a fit of the observed spectrum to a 

Gaussian profile. 

Figure 1 shows an example fit to the gaussian 

distribution of the spectrum obtained from the present 

spectroscopic system.  As shown in the figure, the 

spectrum accompanies a longer blue wing tail.  Fitting the 

profile to a Gaussian distributuion yields 0.6 eV as the 

temperature of the n=3 hydrogen atoms.  The preliminary 

measurements reveal some larger shift by tuning the 

observation angle toward the driver region, or the region in 

which hot cathodes create high electron temperature plasma 

to produce highly excited vibrational molecules. 

The measured spectrum reflects the projected velocity 

distribution of hydrogen atoms, and the hydrogen particle 

transport inside of the ion source.  A Monte Carlo 

simulation code based upon a binary collision 

approximation, ACAT (Atomic Collisions in Amorphous 

Targe,) can give information how a surface collision 

modifies velocity distribution of the hydrogen atoms.  

Figure 2 shows such change in wavelength spectra 

depending upon the angle of incidence [1].  The calculated 

results indicate the possibility that the observed change in 

spectrum can be attributed to the effect due to surface 

collision of hydrogen ions. 

Source ion source operation parameters like pressure 

alter the observed Balmar-  spectrum indicating change in 
the velocity distribution of hydrogen atoms and ions in the 

plasma.  The negative bias voltage to the plasma grid with 

respect to the plasma potential causes blue shifts, as well as 

broadening of the Balmer-  line spectra.  Precise 
measurements on how the spectra are correlated to other 

plasma parameters are being conducted. 

 

Fig. 1.  An example spctrum of Balmer-  line observed in the 
extraction region plasma of the LHD 1/3 ion source. 

 
Fig. 2. Wavelength broadening and shift of the Balmer-  line 

spectrum radiation due to surface reflection. 
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The investigations on the production processes and
extraction mechanisms of negative hydrogen ions are
still insufficient in cesium-assisted negative hydrogen ion
source for NBI heating. We started this research activity
from the last academic year with the intention of inves-
tigating the behaviors of atomic hydrogen and cesium
vapor in the large-scale, arc-discharge negative hydrogen
ion source in NIFS. In this academic year, we evaluated
the kinetic temperature of atomic hydrogen at the n = 2
state by laser absorption spectroscopy at the Balmer-α
line.

The light source for absorption spectroscopy was a
diode laser (New Focus, Vortex II), which emitted tun-
able single-mode laser radiation in the wavelength range
of the Balmer-α line of atomic hydrogen. The laser beam
passed through the plasma in the region close to the grid
electrode (the plasma grid) for extracting negative ions.
The transmitted laser beam was detected using a photo-
diode.

Since the magnitude of absorption was too small
to be detected by simple absorption geometry because
of the low density of the n = 2 state, we employed
frequency-modulated absorption spectroscopy. In this
method, the frequency of the laser beam was modulated
in two manners. One was the wide (∼ 100 GHz), slow
(1 s) scan with a triangle waveform to measure the ab-
sorption spectrum in the entire wavelength range of the
Doppler-broadened Balmer-α line. The other frequency
modulation had a sinusoidal waveform at a frequency
of 600 Hz. The second frequency modulation was su-
perposed on the first modulation. The signal from the
photodiode was connected to a lock-in amplifier which
amplified the signal component at the second harmonic
of the sinusoidal frequency modulation. This method can
yield a signal which is similar to the second-order deriva-
tive of the absorption line profile with a much higher
sensitivity than simple absorption spectroscopy. The ki-
netic temperature of atomic hydrogen at the n = 2 state
was derived from the width (Doppler broadening) of the
spectrum.

Figure 1 shows the relationship between the kinetic
temperature of atomic hydrogen and discharge param-
eters. The temperature ranged between 2000 and 4000
K. It increased with the discharge power as shown in
Figs. 1(a) and 1(c). On the other hand, the tempera-
ture of atomic hydrogen decreased with the pressure in
the range below ∼ 0.8 Pa, and it was roughly constant
at pressures higher than ∼ 0.8 Pa. The electron den-
sity in the observation region decreased significantly by
introducing cesium (ne/n− � 0.1). This resulted in the

weaker absorption signal or the lower density of atomic
hydrogen at the n = 2 state. However, as shown in
Fig. 1, the temperature of atomic hydrogen in the ob-
servation region was roughly unaffected by the cesium
introduction.
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Fig. 1: Relationship between the kinetic temperature
of atomic hydrogen at the n = 2 state and discharge
parameters. Cesium is not introduced in (a) and (b),
while plasmas in (c) and (d) include cesium.
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