
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. In particular, the optimization
of the extraction efficiency of negative ions needs the un-
derstanding on the structure of the sheath electric field
in front of the extraction electrode. It is predicted that
the sheath electric field has a unique structure since neg-
ative ions are produced from the surface of the cesium
layer on the extraction electrode. The objective of the
present work is to develop a method for measuring the
sheath electric field in the cesium-assisted negative hy-
drogen ion source.

The principle of the electric field measurement is
Stark spectroscopy in the Balmer-α line of atomic hy-
drogen. Although the Stark effect of the Balmer-α line
is insensitive to the electric field in comparison with tran-
sitions to Rydberg states, we expect that the Stark spec-
trum can be measured by saturation spectroscopy with
an ultrahigh wavelength resolution. In this year, we
examined the Stark spectrum of the Balmer-α line of
atomic hydrogen in the sheath region of an inductively-
coupled hydrogen plasma.

The light source for saturation spectroscopy was
an oscillator-amplifier system of diode lasers. The laser
beam was divided into the pump and probe beams, and
they were injected into the region close to a planar elec-
trode from the counter directions. The electrode was
immersed in the inductively-coupled hydrogen plasma
which was produced by an rf power of 1 kW at 13.56
MHz. The electrode was biased at -50 V with respect
to the ground potential. The weak absorption was de-
tected with the help of a lock-in amplifier and the pulse-
modulation of the rf power. The saturated absorption
spectrum was obtained from the difference between the
absorption spectra observed with and without the pump
beam. The electrode was movable, and we examined the
saturated absorption spectra at various distances from
the electrode.

Figure 1(a) shows the saturation spectra observed
at various distances from the electrode, and Fig. 1(b)
shows theoretical spectra of the Balmer-α line of atomic
hydrogen in various electric fields. The peaks in the spec-
trum observed at a distance of 5 mm from the electrode
coincide with the peaks in the theoretical spectra in the
field-free condition. The additional peaks in the exper-
imental spectrum are explained by the cross-over com-
ponents. We observed the splits and the shifts of the
peaks when we observed the spectra in the closer region

to the electrode. The shifts of the peaks illustrated by
dotted lines in the experimental spectra (Fig. 1(a)) co-
incide with those illustrated in the theoretical spectra
(Fig. 1(b)). Therefore, it has been shown that the de-
veloped system of saturated spectroscopy has a sufficient
wavelength resolution for measuring Stark spectra of the
Balmer-α line of atomic hydrogen. By comparing the
experimental and theoretical spectra, the electron fields
at distances of 0.1 and 0.5 mm from the electrode are
estimated to be approximately 1 and 0.1 kV/cm, respec-
tively.

Although the developed system has a sufficient
wavelength resolution, its sensitivity is insufficient to de-
tect absorption in the negative hydrogen ion source. In
the next year, we will develop a method for enhancing
the sensitivity of the measurement system.
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Fig. 1: (a) Experimental saturation spectra observed
at various distances from the electrode. (b) Theoreti-
cal spectra of the Balmer-α line of atomic hydrogen in
various electric fields.

 

  
  

 
  

Negative-hydrogen ion sources are utilized in neutral 
beam injectors for fusion devices and accelerators for particle 
and nuclear physics and medicine. The negative-hydrogen 
ion source has been developed with step by step device 
improvement. The physical understanding in the ion source 
plasma also contributes the ion source development. The 
behavior and physical role of the negative hydrogen ion (H-) 
in the ion source plasma have not been fully understood. In 
the ion source with cesium, mostly extracted H- as beam is 
produced on boundary electrode between the plasma and the 
beam, that is Plasma Grid electrode (PG), with opposite 
velocity component to beam direction. It is not sufficiently 
understood the dynamics to change the velocity components 
to the beam direction and the contributions of electric field 
and other particles (electron, positive ions and neutral atom 
and molecular) to the H- dynamics. The studies to clarify the 
mechanism from H- production to beam extraction have been 
performed. In the experimental study, the H- density is one of 
the useful measurement values. We have measured the H- 
density with Cavity RingDown technique (CRD) which is a 
sort of laser absorption spectroscopies with high sensitivity1). 
It is known that divergence of the H- beam from filament arc 
discharge sources can be several mrad in the case of the beam 
energy of more than 100 keV. This suggests H- temperature 
in the vicinity of the PG is low such as ~1 eV or less. The 
negative-hydrogen ion temperature may reflect processes of 
H- production, emission from PG, relaxation by other 
particles. 

A new measurement method of the negative-hydrogen 
ion temperature has been developed by modifying the CRD1). 
One of the requirements in the CRD for the density 
measurement is that the density variation in the optical cavity 
is sufficient small in the ringdown time. The H- density 
decreases by photodetachment reaction by each round-trip 
laser pulse. Sufficient recovery is necessary before the next 
pulse returning by H- with thermal velocity around the laser 
rod. If the laser intensity is low and the H- temperature is high, 
this requirement is satisfied. Otherwise, the H- density is 
underestimated. However, if the known high intensity laser is 
irradiated, the density variation depends on the H- 
temperature. Figure 1 shows calculation results of density 
variation during the ringdown time scale, where the cavity 
mirror curvature, reflectivity and transparency are 1 m and 
0.99994 and 0.00005, respectively. The cavity length is 1.57 
m. The H- temperature is assumed 0.5 eV. There is not clear 
density variation by low laser pulse energy of 50 mJ. When 
the high laser pulse energy of 5 J is injected, the H- density 
decreases in the initial phase of the ringdown signal and 

gradually recovers due to the decreasing laser intensity inside 
the optical cavity. 

Based on the above calculations, the H- density 
variation was obtained by high laser pulse intensity in the 
pure hydrogen discharge (Fig. 2). The momentary H- density 
along the ringdown signal was evaluated by the decay time 
constant of the exponential decay curve in each small fraction 
of the rindown signal. The absorption was saturated by high 
intensity laser, and the H- density decrease was observed in 
the initial phase of the ringdown signal. The H- density 
gradual recovery was also observed. Comparing the model 
calculation and experimental result, the H- temperature was 
evaluated as approximately 0.1 eV 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Density variation calculation during ringdown time 
scale by high laser intensity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Experimental results of density variation during 
ringdown time scale by high laser intensity and H- 
temperature evaluation. 
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