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PROGRESS REPORT CRP/IAEA

a) Identification

i) Contract number: 7492/RB

ii) Title of Project::
"Development of a Monoenergetic 1-10 keV Neutral Lithium Beam for the
Diagnostics of Edge Plasmas in Magnetic Confinement Devices"

iii) Institute:
Laboratório Associado de Plasma (LAP)
Instituto Nacional de Pesquisas Espaciais (INPE)

iv) Chief Scientific Investigator: Mario Ueda

v) Time period covered: 15/AUG/93 to 15/MAY/94

b) Description of Research Carried Out

1. Introduction

/ Diagnostics of plasmas confined by magnetic fields for fusion research based on
neutral lithium beam (nib) is presently considered to be one of the most appropriate
methods to carry out the important measurements of edge density and its fluctuation
profiles without plasma perturbation.

In this CRP project we proposed the development of an nib source with 1-10 keV
based on a traditional fi-eucryptite surface emission source coupled to a Pierce gun
geometry accelerator and subsequent neutralization of the Li+ beam by a Li-oven
neutralizes Possible application of such an nib probe in a medium term (2-3 years) in our
country would be in a small RFP in operation and in a low-aspcct-ratio tokamak in
construction both at LAP/INPE and in other hot plasma devices operating at brazilian
universities of São Paulo (USP) and Campinas (UNICAMP) with whom we maintain
strong collaboration efforts in plasma research. 1

2, Experimental equipments v—

We were able to start the experimental program of nib by sharing various
equipments with other experiments going on presently in our laboratory. A small vacuum
vessel, a diffusion pump and mechanical pump, vacuum pressure gauges and meters were
made available temporary to us, hence allowing quick vacuum tests of the Li+ source and
fcedthroughs for its energization. The heating of a 0.6 cm diameter source (from Spectra
Mat Inc.) was carried out initially using a DC 15 V, 30 A power supply. Later on, an AC
power supply with similar power capability was built to allow floating potential operation
of the source needed in the beam acceleration configuration.
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To test the extraction of the Li+ beam we assembled a simple experimental sei-up
as one shown schematically in Fig. I. A DC power supply (3kV-5 mA) was used to
accelerate the beam ions through a grid (~y()% transparency) which were collected by an
SED (secondary electron detector) and measured by a picoamperimeter. The temperature
of the Li+ source was measured using an optical pirometer.

The extraction section of the Li+ beam source was also designed (see Fig. 2) and
built. We are presently performing its preliminary tests.

c) Obtained Results

Firstly, we carried out vacuum and insulation tests of the Li+ source (Mat. Spectra
Inc.) and its assembling components in a small vacuum vessel. Base pressures of 5.0 -
10.0 x 10"6 Torr were achieved with a diffusion (120 l/s) and a mechanical pumping
system in a 5 / volume.

A P-eucryptite powder was mixed with amil-acetate solution to obtain a smooth
paste with which we filled the receptacle of the source (4 mm 0 x 2 mm depth). Various
electrical tests were carried out with this source (with and without the load), including
measurements of its resistance during the heating power consumption, I-V characteristics,
etc., which were important for the heater power supply determination,

In order to extract the Li* beam and to verify the obtained beam intensity and carry
out source optimization, we used the simple set-up of Fig. 1. The acceleration voltage VA

was applied to the source (and its support) and the grid stayed at the ground potential. To
measure the effect of the secondary electrons we could bias negatively the grid. The beam
current was collected by the copper plate ( 3 x 3 cm) and measured with a pico-
amperimeter. The special characteristics of this s£t-up wa.s the upright position of the Li+

source which allowed the measurement of beam extraction in the pasty, liquid and glassy
slates of P-eucryptite.

Initially a detailed characterization of the Li+ source with p-eucryptite in the paste
state was carried out. In Fig. 3 we show the variation of the extracted current I with the
acceleration voltage VA for different power applied to the source, consequently for
different temperatures of the crucible, measured with an optical pyrometer. For this case of
L r emission from pasty source, the Child-Langmuir law (I a V3/2) is fairly well observed
untill the output saturates for larger VA. For acceleration voltages above 300 V the effect of
the enhancement of the secondary emission for large ion energies are evident. This was
corrected appropriately for the results of case B in Fig. 4, which can be compared to case
A including secondary emission.

In Fig. 5 we show the plot of I versus 1/T which follows the Richardson law (I a
exp - e 0/ k T) from which curves we obtained the work function of about 3.2 eV for our

pasty p-eucryptite compound. Cases of VA = 600 V and VA = 100 V are indicated by + and

filled circles respectively.
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As we increased the crucible temperature over - 1200° C very interesting and
important phenomenon occurred in our Li+ source. The pasty emitter reached melting
point and became liquid. The ouput current behaviour changed dramatically as shown in
Fig. 6, as the melting process continued. The beam current increased about five fold during
this phase transition. For example, with VA from 400 to 700 V, and power of 35.7 W in the
heater (T ~ 1200° C), the collected current jumped from about 450 fiA to 3.2 mA. This
jump in the extraction current during the paste melting point has been confirmed
systematically with other paste loads.

The conveniently chosen geometry of Li+ source upright set-up, allowed yet
another important verification: the high emission property of the liquid Li+ source is
maintained as we cool the source and the P-eucryptite becomes glassy. This result is shown
in the graph of Fig. 7, which contains l x V A for two different source temperature cases.
There is typically an increase of a factor of 5 or more for the glassy load over the
traditionally used pasty load.

When we plotted I x 1 / T for temperatures above the melting point of P-eucryptite
in vacuum, a very clear jump in the current was again observed at the melting point. This
is shown in Fig. 8. Once again the extracted current saturates for higher temperatures. For
glassy (5-eucryptite emitter obtained after cooling the source, the curve of I x 1/T shows a
linear behaviour for temperatures below the melting point, obeying nicely the Richardson
law with a work function similar to the pasty P-eucryptite.

These experimental results of the Li+ source are very motivating and we are now
proceeding with this program on nib, despite financial difficulties in our laboratory. As a
next step we are preparing tests with the Li+ source in the extraction/acceleration
configuration with Einzel lenses which allow higher voltage operations and better beam
manipulations than previously attained.

d) Conclusions

Thanks to IAEA support we were able to start the important program of neutral
lithium beam probe in our laboratory and join the selected group of beam emission
spectroscopists who are able to probe appropriately high temperature plasmas needed for
fusion research.

We were able to successfully extract Li+ beam from a pasty P-eucryptite and
characterize the source, obtaining current levels of up to 600 (iA from a gap of about 0.4
cm. Current densities of about 200 (iA/cm2 were typically obtained, this result being in
accordance with other recent experiments using similar sources.

However, when we obtained the glassy (3-eucryptite (after melting of the pasty J}-
eucryptite) the emission of Li+ was enhanced by 5-6 fold.

Probably the enhancement of Li+ emission in the glassy source case is due to
various causes: smoother emission surface of the glassy state, higher Li+ mobility inside
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the glassy solid structure and elimination of the vacant spaces going from pasty to glassy
state, to mention a few possible reasons.

Our results have shown that it is possible to increase the typically obtained 100-200
|j.A/cm2 current outputs from fi-eucryptite surfaces sources to above 1 mA/cm2 levels, even
at low acceleration voltage (< 1 kV) simply by transforming the (3-eucryptite form. This
might have strong impact in the field of neutral lithium beam research, both for the
determination of edge density as well as for its fluctuation in high temperature plasmas in
which lower energy beams for high spatial resolution measurements are required. In fact,
previously attempted measurements of density fluctuations in CHS device by the reporter
using an 8 keV Li° beam at NIFS, Japan, revealed the necessity of increasing Li+ beam
intensity from surface j3-eucryptite source by 3 fold to reach acceptable S/N light signal
levels. Hence an equivalent current density of 1 mA/cm2 obtainable in our glassy source
would suffice to carry out for the first time this important measurement of edge fluctuation
profile with < 1 cm spatial resolution, in regions quite inside the Last Closed Flux Surface
not only in that low-aspect-ratio torsatron CHS but also in other devices of stellarator
family.

Finally, the design of the Li+ gun has been concluded and the gun itself has been
built. We intend to test and characterize this gun during the last 3 months of this program,
until 15/AUG/94. The construction of the proposed neutraiizer and the optimization of the
optical system will be postponed.

e) Possible Publications

An abstract describing the performance of our Li+ source has been submitted last
month to the ICPP (International Conference on Plasma Physics) program committee. This
conference will take place this year in Brazil, coming November. If it is accepted, a 4 page
paper will be published and a poster will be presented on the subject discussed here.

f) Explanation of the Delay to Develop the Neutralizer and Detection System

Due to the interesting results of glassy Li+ source in which a detailed
characterization was carried out for its optimization, the design and construction of the
neutralizer and the development of the multichannel detection system was delayed.

However we believe that our contribution to this field of nib probing of high
temperature plasmas will be more significant if we are able to develop a higher intensity
Li+ beam, as a consequence of designing high Li+ emission source. The development of the
optical system and the neutralizer section will then be pursued.
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