
We have reported a spectrally selective imaging
system for a negative hydrogen ion source in the last
NIFS annual report1). This system have been performed
well to understand distribution of Hα emissions which
is caused by the variation of excited hydrogen popula-
tion. It is low electron temperature (∼1 eV) near the
plasma grid surface where is the birth area of the hy-
drogen negative ions. Main excitation mechanisms for
Hα emission are dissociative recombination between an
electron and H+

2 , and the mutual neutralization between
H+ and H− in this area. We have also observed the
ionic plasma condition which maintained by H+ and H−

ions. As the percentage of negative ions is increased, Hα

emission caused by the mutual neutralization process be-
comes dominant. Figure 1 shows the typical waveform of
a hydrogen negative ion density (nH−) and a Hα emis-
sion intensity in the extraction region. These signals de-
creased by extraction voltage applied between the plasma
grid and the extraction grid. We have defined the re-
duction vale of ∆Hα and ∆nH− subtracting the value
acquired before beam extraction from during beam ex-
traction as shown in Figure 1. Figure 2(a) shows a plot
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Fig. 1: Typical example of the waveform of H− density
and Hα intensity in 38kW arc discharge after 1000 min
Cs conditioning. Both signals decreased by the extrac-
tion voltage during 1 sec.

of the extraction current (Iex), the absolute value of the
reduction H− density (|∆nH− |) and the reduction in the
Hα intensity (|∆Hα|) against the absolute value of the
extraction voltage (|Vex|). The extracted current density
for Iex is reached 10 mA/cm2 at |Vex|= 8 kV, here the Iex
is the drain current (i.e. mixed H− ions and electrons) in
the circuit between the EG and a direct current extrac-
tion voltage power supply; it is linearly depended on the

Vex. The reduction density of |∆nH− | observed at 2 mm
from the PG surface also depend linearly on the extrac-
tion voltage. As the extraction current is 10 mA/cm2,
the |∆nH− | is 3.4 × 1016 m−3. The current density J
is the product of the charged particle density n and the
drift velocity v. The drift velocity v = J/n = 1.85× 104

m/s when we assume the extraction current is carried
by |∆nH− |. The flow energy of the negative ion is es-
timated as 1.8 eV that is nearly value to the election
temperature in the extraction region of this source. We
also found the linear increase on the reduction value for
|∆Hα| measured at z = 4 mm, where is as close as pos-
sible to the position of H− measurement. The linear
dependence is appeared between |∆Hα| and |∆nH− | as
shown in Figure 2(b). This result indicates the reduction
in the intensity of Hα is the result from a reduction in the
H− ion density by way of mutual neutralization process
in ionic plasma with rich H− ions after Cs conditioning.
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Fig. 2: (a) Extraction drain current Iex and the absolute
value of the ∆Hα and ∆nH− linearly increase by the
strength of applied extraction voltage. The line for 10
mA/cm2 is represented. (b) There is a linear relationship
between the |∆Hα| and the |∆nH− | in the optimal Cs
condition.
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     In negative ion sources for fusion researches, the 
electron is extracted along with the negative ion and the co-
extracted electron causes the heat loading on acceleration 
grids. To suppress the co-extracted electron current the 
plasma grid is positively biased with respect to the plasma 
chamber and it has been experimentally observed that the 
co-extracted electron current gradually decreases with 
increasing the bias voltage, while the negative ion current 
remains constant at the low bias voltage. However, we have 
used the Langmuir probe for diagnostic of the ion source 
plasma and it has difficulty in obtaining the electron density 
precisely due to the weak magnetic field in the plasma 
chamber. Then, it has not been well understood how the 
electron near the PG responses to the bias voltage. 
     To obtain the electron density precisely, the surface 
wave probe (SWP), which is based on the resonant 
spectroscopy, was utilized and the response of the electrons 
in the NIFS 1/3-scaled negative ion source for LHD to the 
bias voltage was investigated with and without Cs seeding. 
Figure 1 shows the spatial profile of the electron density 
along the axis perpendicular to the PG in pure-volume 
plasma. In negative ion sources, the plasma is generated in 
the driver region and the electron seems to be diffused to the 
extraction region by the ion-driven ambipolar diffusion 
because these two regions are separated by the transverse 
magnetic field and the positive ion can traverse this field 
due to its larger Larmor radius and the electron follows it to 

keep the charge neutrality. Hence, the electron density 
monotonically decreases toward the PG in Fig.1. As can be 
seen in Fig. 1, the electron density in the pure-volume 
plasma significantly decreases with increasing the bias 
voltage. The plasma potential, which was measured with the 
Langmuir probe, is smaller than the bias voltage and it rises 
with increasing the bias voltage. This implies that the ion 
diffusion is reduced by applying the bias voltage and it 
results in the reduction in the electron diffusion to the 
extraction region. 
     When the surface production becomes a dominant 
process for the negative ion production, the response of the 
electron to the bias voltage shows the different property in 
Figure 2. In the Cs-seeded plasma, the electron density near 
the PG becomes lower than that in the pure-volume plasma, 
because the negative ion is mainly produced from the PG 
surface and the electron diffusion to the extraction region is 
reduced in order to maintain the charge neutrality. The 
negative ions near the PG surface also mitigate the effect of 
the grid bias on the electron and the electron density 
depends on the bias voltage weakly in the Cs-seeded plasma. 
     For the further work, the behavior of the electron will 
be investigated during beam extraction by the SWP to 
understand the mechanism of charged particle extraction 
from the ion-ion plasma where the fraction of the electron is 
significantly small. 

4

3

2

1

0

El
ec

tr
on

 d
en

si
ty

 [1
017

 m
-3

]

302520151050
Distance from PG [mm]

Vbias = 1 V
Vbias = 9 V

w/o Cs

 
Fig. 1. Spatial profile of electron density along 
axis perpendicular to PG in pure hydrogen 
plasma. 
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Fig. 2. Spatial profile of electron density along 
axis perpendicular to PG in Cs-seeded plasma. 
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