sponsored by the U

the

United States nor

its use wouhl not

process disclose

1y owned dghts.

mfringe private

By acceptance cf this articls, the publicher or
recipient acknowledgoe the U.S. Gavernment's
right 1o rztain a non - exzlusive, royaity - fres

license in and to any copyright covering the

articla,

Cont- 7'})670}“L/

PLT AND ISX NEUTRAL BEAM INJECTORS®
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Six high power (40 keV - 60 A) injection systems, four for PLT
(Princeton Plasma Physics Laboratory) and two for ISX (Oak Ridge
National Laboratory) tokamaks, have been developed, fabricated, and
operated. Each injector delivers 750 kW (1000 kW) of H (D) neutral
power to the tokamak plasma. An in-depth system parameter study has
revealed unique features: high atomic yield {+85%), improved ion
optics due to a preacceleration technique, near steady-state opera-
tion (up to 500 msec), and a possible technique to control species
yield. Routine operation includes high duty cycle (10%), long
filament lifetime (several months), high arc efficiency, and the
reliability necessary for application on a fusion device. The pro-
gram status and injection parameters will be discussed

The properties of a 40-kV, 60-A injectiorn system are described.
Major components of this injector are (1) a plasma generator, (2) ion
extractor, (3) gas cell for electron capture with bending magnet to
remove the unneutralized beam, and (4) a pumping system to remove the
slow neutrals (see Fig. 1).

A modified duoPIGatron' is utilized as the ion source. It has
an arc efficiency of 1.1 A/kW extracted beam power. The extracted
ion beam is composed of 85 + 5% protons over the entire parameter
range considered. This is in agreement with independent measurements
made by a user.? Gas utilization was measured to be 11 Torr liters/
sec, or 2 nucleon efficiency of 50% assuming an ion composition of
85% monatomic, 10% diatomic, and 5% triatomic; the gas is all dia-
tomic. Of this gas flow rate only half was fed directly into the
cathode plasma and MacKenzie plasma, while the other half was fed
directly into the neutralizer cell. Therefore, a second interpreta-
tion wouid allow for a flow rate corresponding to a nucleon gas
efficiency of somewhere between 60 and 80%.

Cooling water temperature and flow measurements are provided for
all shots for virtually all surfaces likely to suffer beam impinge-
ment. A PDP-11/40 computer was utilized to provide immediate inform-
ation on powe: depos1t1on. Ions are extracted from a cy11ndr1ca1 bore
aperture accelerator using displaced aperture steering® and transmit-
ted through a port subtending 1.4° x 1.8° half angle from the sour
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