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Study of the Dependence of the Internal Distribution in a Pellet Plasmoid on the
Magnetic Field Strength by High-speed Imaging Spectroscopy
MIEA A= T NI LD EEE T T XA~ BN A8 D
1655 7R AR AFPE O BT

Gen Motojima", Ryuichi Sakamoto", Motoshi Goto", Akinobu Matsuyama", Jyoti Shankar
Mishra®, Hiroshi Yamada® and LHD experiment groupl)

AR, BORME—Y, HEEED,

a2, J.S. Mishra?, [LIH3LHE]Y,

LHD % 7 /L — 7D

DNational Institute for Fusion Science 322-6 Oroshi-cho, Toki-city, Gifu 509-5292, Japan
IThe Graduate University for Advanced Studies 322-6 Oroshi-cho, Toki-city, Gifu 509-5292, Japan

D SRV ARRZERT T500-5202 I B R I Tl F AT 322-6
D AT K2 K% T509-5202 I B IR - T G MT322-6

To investigate the physics of pellet plasmoid dynamics, internal distribution measurements in a pellet plasmoid by
high-speed imaging spectroscopy have been demonstrated successfully in the Large Helical Device (LHD). In this
spectroscopic system, a five-branch fiberscope is used. Each objective lens has a different narrow-band optical filter for
the hydrogen Balmer lines and background continuum radiation. The electron density and temperature in a plasmoid
can be obtained from the intensity ratio measured with these filters. The electron density distribution in the range of
10% and 10** m™ and the temperature distribution of around 1 eV are observed. The dependence of the pellet ablation

on the magnetic field strength is investigated.

1. Introduction

Solid hydrogen pellet injection is a primary
technique for efficient core plasma fuelling in
magnetic fusion devices. The pellet ablation and
subsequent behavior of the dense plasmoid
(ionized ablation cloud) are key elements to
determine the characteristics of pellet refuelling.
The behavior of the plasmoid is rather
complicated due to its interaction with the
background plasma and the magnetic field. A
quantification of the internal distribution in the
plasmoid is helpful for the understanding of these
behaviors.

In the Large Helical Device (LHD), the
electron density distribution of the plasmoid was
obtained by imaging measurements using a
bifurcated fiberscope [1]. Here, it was assumed
that the electron temperature of the plasmoid is in
the limited narrow range. To evaluate the internal
distribution precisely, it is essential to identify
not only the electron density but also the electron
temperature of the plasmoid.

In this paper, we apply a fast imaging
spectroscopy with high spatiotemporal resolution
using a five-branch fiberscope and a fast camera
to identify both the electron density and
temperature distributions in the plasmoid. We
also discuss the dependence of the distribution in
the plasmoid on magnetic field strength.

2. Experimental Setup

The spectra of hydrogen Balmer-lines and
background continuum radiation are determined by
the electron density and temperature of the
plasmoid. Here, the emission from the background
plasma can be ignored, because the density of the
plasmoid is several hundred times greater than that
of the background plasma.

In this study, it should be noted that the spectra
are estimated from fitting with the theoretical data.
In the theoretical data, the intensity of the spectra is
calculated on the assumption of local
thermodynamic equilibrium. The broadening profile
of the spectra is calculated using Ref. [2]. The
spectra can be estimated from the intensity ratio
measured using narrow-band optical filters having
different wavelengths and bandwidths. We
concentrate on the Balmer-f line (wavelength:
486.1 nm) and Balmer-y line (wavelength: 435.8
nm) to evaluate the electron density and
temperature of the plasmoid. The Balmer-a line and
background continuum radiation are also measured
as a reference and the plasma thickness can be
probably obtained by evaluation of the effect of
self-absorption in the Balmer-a line. The density
and temperature distribution of the plasmoid is
uniquely determined from the intensity ratio of the
filters.

In this spectroscopic system, a five-branch
fiberscope is used. The scope is composed of



15,000x5 quartz fiber elements packed in a flexible
protective tube made of stainless-steel. Each
objective lens has a field of view of 15 degrees. The
five images through the different filters are focused
onto a single fast camera so that the simultaneity is
ensured. The fast camera is equipped with a 12-bit
SR-CMOS sensor. The plasmoid can be observed
close behind the pellet injection port. The pellet is
injected into the NBI plasma. The nominal pellet
size is 3.4 mm@x*3.4 mm/. The typical pellet speed
1s 1,200 m/s.

3. Results

Figure 1 shows the electron density and electron
temperature imaging in the plasmoid. It seems that
the plasmoid of about 0.1 m in size expands in a
direction parallel to the magnetic field line. We
confirmed that the electron density distribution is in
the range between 10” and 10** m™ and the
temperature distribution is about 1 eV, indicating
that a weakly-ionized plasmoid is observed. These
results are in agreement with global spectroscopic
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Fig.1. (a) Electron density imaging and (b) electron
temperature imaging.

measurements [3].

Figure 2 shows the dependence of the penetration
depths of pellets on magnetic field strength. The
penetration depth is shallower at lower magnetic
field, suggesting that the electron density
distribution in the plasmoid might depend on the
magnetic field strength. In an RFP, an enhancement
of particle diffusion at low magnetic field resulting
in higher ablation has been observed [4]. The
difference in the density distribution in the
plasmoid between low and high magnetic field will
be shown in the near future.
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Fig.2. Penetration depth as a function of magnetic field
strength. The experimental penetration depth is
normalized by the prediction by NGS scaling. The
central electron temperature is the same (1 keV) for
each data point.



