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Abstract

Hydrogen particle behavior, especially H, molecule behavior, has been studied spectroscopically in attached and
detached divertor plasmas of JT-60U. The decay lengths of the H, Fulcher line intensity in attached and detached diver-
tor plasmas were roughly 1 cm and 4 cm, respectively. The fall in intensity of the H, Fulcher lines with distance from the
divertor plates was reproduced by calculation using a neutral transport and a collisional radiative model code. Molec-
ular assisted recombination was estimated to be as important as H"—e recombination in a detached divertor plasma.
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1. Introduction

In fusion plasma research, understanding of hydro-
gen particle (H,, H and H") behavior in the divertor
plasma is important to establish the capability of the
divertor to control heat and particle loads [1]. In at-
tached divertor plasmas, the H* ions recombine at the
divertor plates, and the H, molecules and H atoms re-
leased from the divertor plates are ionized a short dis-
tance away. In detached divertor plasmas, which are
attractive for mitigating the severe problem of concen-
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trated power loading of the divertor plates, volume
recombination of the H* ions is considered important
in reducing the ion flux to the divertor plates. The H,
molecules play an important role as a source of cold
H™ ions, but they may also play a role as a sink of the
H" ions streaming toward the divertor plates by molec-
ular assisted recombination (MAR) [2]. Recently, spec-
troscopic observation of the H, molecules in divertor
plasmas and its analysis using a collisional radiative
model have been performed to study the H, molecule
behavior in ASDEX [3.4].

This paper presents a spectroscopic study of hydro-
gen particle behavior, particularly H, molecule beha-
vior, in attached and detached divertor plasmas of
JT-60U. Spatial intensity profiles of the H, molecule
Fulcher lines have been measured; these profiles have
been analyzed using a neutral transport and a collisional
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radiative model code. Contribution of MAR is
estimated.

2. Experimental

The diagnostics for the present study are shown in
Fig. 1. Using a visible spectrometer with 60-ch optical
fiber arrays, H I Balmer-series lines and H, Fulcher lines
(d*m, — a32g) were observed. The spectrometer was a
Czerny-Turner spectrometer with an image-intensified
CCD camera. The spectral resolution and the spatial
resolution were 0.29 nm and 1cm, respectively. The
spectral range covered in a discharge was 37 nm, and
the Balmer-series and Fulcher lines were separately ob-
served identical discharges. Electron temperature, elec-
tron density and ion flux at the divertor plates were
measured with Langmuir probes. In the present study,
we will investigate outer divertor plasmas, for which
the viewing chords of the spectrometers were parallel
to the outer divertor plates.

Fig. 2 shows time evolution of several plasma param-
eters in the L-mode discharge (plasma current: 1.5 MA,
toroidal magnetic field: 3.5T, NBI heating power:
4 MW) to be investigated. By a feedback technique using
H, gas puffing, the electron density was raised and then
maintained at 52% of the Greenwald density limit. After
onset of an X-point MARFE at 7.9 s, the gas-puffing
rate decreased. The ion fluxes to the inner and the outer
divertor plates rolled over around 6.3 and 7.2 s, respec-
tively. They decreased drastically, when the MARFE
appeared. Therefore, partial detachment started gradu-
ally before the MARFE onset, and the detachment be-
came pronounced after the MARFE onset. The H, line
intensities were integrated over the outer divertor plas-
ma (between the outer divertor plates and the X point)
and the inner divertor plasma. The H, line intensities in-
creased continuously with electron density, but at the
MAREFE onset the intensity in the outer divertor rose
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Fig. 1. Divertor diagnostics for the present study.
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Fig. 2. Time evolution of plasma parameters in an L-mode
discharge. (a) Line-averaged electron density in the main plasma
and H, gas puff rate, (b) ion fluxes to the inner and the outer
divertor plates, and (c) intensities of He (4 =397.0 nm) line
emission from the inner and the outer divertor plasma.

rapidly. Before the MARFE onset, the H, emission pro-
file had peaks around the inner and the outer strike
points. When the MARFE appeared, the emission pro-
file had a peak around the X point, in addition to the
peaks around the two strike points.

In the next section, an attached divertor plasma at
5.2 s and a detached divertor plasma at 8.5 s (indicated
by arrows above in Fig. 2) will be discussed. In the at-
tached divertor plasma, the electron temperature and
density measured with the Langmuir probe near the
outer separatrix strike point were 20eV and 0.7 x
10" m~3, respectively. In the detached divertor plasma,
as described in the next section, the electron temperature
and density near the outer divertor plates were estimated
from the Balmer line spectrum to be 0.4eV and
1 x 102 m~3, respectively.

3. Results and discussion

For the Fulcher line spectra, the Q branches of the
v=0-0, 1-1 and 2-2 bands were identified. Near the
outer divertor plates in the attached divertor plasma,
the rotational temperatures for the v =0-0, 1-1, 2-2
transitions were 0.040, 0.057, 0.046 eV, respectively.
Fig. 3(a) shows the intensity of the Fulcher v = 1-1 Q3
line, which was one of the most prominent lines, as a
function of the distance from the outer divertor plates.
It was estimated that spectral contamination of the Q3
line was small, since its line width was explained by
the spectral resolution of the spectrometer and the rota-
tional temperature was well determined including the
line. In the attached divertor plasma, the decay length
of the line intensity was ~1 cm, and this suggests that
H, molecules were localized near the divertor plates.
In the detached divertor plasma with a MARFE, the
decay length was ~4 cm, suggesting that H, molecules
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