K %

FA (R

¥R ES

FAREOBMN

FAHREGOEHR

mXEEER

Kalinina,Diana

Bt (B

BRI KRS 894 B

FRR17H#9A30H

MEMEFAER HKMERFEEXK

ARG 6 &5 1 HHEH

Studies of Impurity Behavior in NBI and ECR Heated

LHD Plasmas by means of Tracer Encapsulated Solid

Pellet Injection
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Studies of impurity behavior in high-temperature plasmas are highly important since it
determines the feasibility of controlled fusion. Since the fusion research has come to the phase
when the burning experiments are being performed extensively, the understanding of the impurity
transport properties in the magnetically confined plasma is one of the urgent issues. The major
emphasis of this thesis is to explore impurity transport properties depending on plasma parameters,
such as electron density, radial electric field, and magnetic configuration of Large Helical Device
(LHD). A soft x-ray pulse height analyzer (PHA), a VUV spectrometer (SOXMOS) and a
charge—exchange recombination (CXR) diagnostic have been used to observe a temporal behavior
of the tracer impurity, injected locally into the plasma by means of a Tracer Encapsulated Solid
Pellet (TESPEL). Simulation of the temporal evolution of the soft x-ray and vuv emissions has
been performed using the 1-D impurity transport code MIST in the time dependent mode. The long
continuing contamination of high-Z impurities at high density has been recently revealed on LHD.
From the results of the TESPEL experiments with a titanium (Ti) tracer, it has been found that the
decay time of the Ti K_ emissions temporal evolution has a nonlinear (n."” ) dependence on the
electron density in the LHD plasmas heated by neutral beam injection (NBI). The correlation
between low impurity confinement in the low electron density regimes and positive radial electric
field was observed. Thus, the transport model with the convection velocity driven by the radial
electric field was utilized in the simulation. The simulation by MIST indicates that the increasing
of the impurity confinement at the high electron densities can be caused by the increase in the
inward convection due to the large negative radial electric field. The properties of the impurity
transport with different magnetic axis positions (Ru = 3.5 m, 3.6 m, 3.75 m) of LHD plasmas were
also studied. In the inward shifted configuration with R, = 3.5 m, the low confinement of tracer
impurity is clearly observed in the wide density region (n, = 1 — 5 x 10" m™) . The effect of
ECRH (1.1 MW injected power and 0.5 s pulse duration) on the titanium impurity confinement in
the wide electron density range was studied in several magnetic configurations. ECR heating
causes the faster decay time of the impurity ions emissions at the moderate electron density (n. = 2
— 3 x 10" m™). This is the first demonstration of the ECR heating effect on impurity transport in
the heliotron plasma. A small outward convection velocity is necessary to describe the change of
the impurity behavior due to the ECR heating. The TESPEL method has a possibility of measuring
directly the local impurity transport by observing light emissions due to charge exchange
recombination of fully ionized tracer with neutral hydrogen atoms originated from NBI. However,
under the LHD plasma conditions with high energy neutral beam (150-180 keV), the charge
exchange cross section becomes very small. This fact shows the difficulty in the TESPEL CXRS
measurements in the visible spectral range. The application of the TESPEL CXRS method on LHD
in the VUV and Extreme Ultraviolet (EUV) spectral range would allow us to increase the radiation
cross section and thus the CXR signal. From the analysis of the optimal tracer materials in the
EUV spectral range, the emission in EUV region is more than one order of magnitude larger than

that in the visible range under the same plasma conditions. In order to measure the EUV emission



from the TESPEL tracer, a novel one-channel prototype multilayer mirror (MLM) based
monochromator has been developed in collaboration with Johns Hopkins University (JHU) Plasma
Spectroscopy Group. In the test experiments with the monochromator, a magnesium (Mg) tracer
was used. A clear magnesium contribution after the TESPEL injection was observed. The signal
with the Mg tracer shows exponential decay, which may suggest no accumulation of the Mg
impurity in the core plasma. Thus the capability of the new monochromator for the TESPEL CXRS
diagnostic has been proved experimentally. However, the simulation indicates that the signal
obtained from the Mg tracer has other contributions, such as the electron impact excitation. In
order to reduce this contribution, a lower Z material like fluorine is preferable, which becomes
fully ionized faster. An improved MLM based monochromator has been constructed by our group
for the fluorine tracer experiments and calibrated with EUV emissions from a synchrotron light
source. The impurity transport properties in a wider range of plasma parameters have been studied
with the titanium tracer injected by TESPEL. The comparison between the experimental
observations and the simulations MIST indicates that the impurity transport properties are highly
correlated with the radial electric field. In addition, the availability of the ECR heating for
impurity transport control in heliotron devices is shown. The novel MLM based monochromator
for the local impurity transport studies with TESPEL is developed and tested on LHD. From the
results of test experiments the capability of TESPEL CXRS diagnostic in the EUV spectral range

in the LHD plasmas is shown.
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