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The Lawrence Berkeley jnd Livermoro Laboratories Neutral 
Bean: Development Group's work proceeds along two lines: The 
first ; s re qui r>".l for tlu< near-term applications (e.g., KFTF, 
TFTR, and \) 1 1 ! ', , which i equirc inject ion at energies up to 
12C keV, ion currents prr module up to 30 A, and pulse lengths 
> 0.5 s. The s.' systems are based on the acceleration and 
neutralization of positive ions. The second part of our 
pro g r a m is no voted tc development for longer-term applica
t i o n s : p J S i t i vi - i on-base-! systems with 150-200-keV/ 
•35- I UO-A/ 1'J- 3i:-s M - I U U ' S and, s o •.'•e wh.< t l a t e , neg a t i ve- i on-
baS'.d systems for inject ;on at ?00 keV and higher energies. 

Lie ve 1 op;' i-nt programs are based on research, in our case 
primarily devoted to atomic-collision and plasma physics topics 
associated c i t h roi.tral beam systems. Tnese studies involve 
graduate students and professional experimental and theoretical 
s t a f f . The m.i i n emphasis at present is on negative ion 
pr o d u c t i o n JM:d neu t ra 1 i i a \ i on , the ionic species distribution 
in an intense d i s c h a r g e , and plasma effects in noutra1izers. 
This work is supported by the Off i c *.• of Fusion Energy Division 
of Applied Plasma Physics. 

Application to hardware Ft iO is managed by the OFE Division 
of Development and Technology. We start by building 
f r a c t i o n e 1 - area modules that can he extrapolated tr full-size 
m o d u l e s when the understanding of the design problems is far 
eno u g h aloiu. To A?.\*, several fi.'ll-srale KO-120-keV/ 



6b-BO-A/0. 5-s positive inn (MFTF, TFTi-', Dill) sources have been 
built and tested with a shor t-p u 1 so ['•"'. i n ) , high-voltage power 
supply after one-fifth to one-fourth .ir(?a modules 'iad 
been tested for the full pulse length (0.5-1.5 s ) . Two 
full-size TFTR-type sources have ho cm operated at 120 kV/60 
A/0.5 s with deuterium at the Ll'L/llTR Neutral Beam Engineering 
Test Facility ( N B S T F ) , and tho HFTF source has operated at 
SO kV foi 1?5 >ns on the LLNL High Vol! •••.go Test Stand (HVTS). 

T h e accelerator electrodes of these modules Are cooled only 
at the edges, so the heat Leans for is inadequate for pulse 
lengths more than about 1.5 seconds. To permit long-pulse 
operation a water-cooled 1PO-150 kr-V/15-A dc module has been 
built and testing is in progress; the construction of a 
full-scale 50-A module is well along. 

Direct recovery of the eneroy of unneutralized ions is an 
important lono-range objective. Experiments with 100-keV 
helium and •lydrogon beams showed over 50 percent pov.^r recovery 
efficiency; hm-.e ve r, we do not have an active program on energy 
recovery at present. 

Until i a •". 1 yea'- the negative inn program has concentrated 
un production of negative deuterium ion beams hy double charge 
exchange in cesium and sodium vapors. D currents of about 
7 A have been obtained. Recently a surface-fo rmation negative 
ion source has been built; it p r n d u o s about 0.5 A of negative 
ions in long (30-s) pulses. A 1A mooel is under construction. 
This type of source offers apparent advantages over the 
doul) 1 e-c ha rgi-t xc haoge negative ion approach and will be used 
to produce 1 01! keV long-pulse beams d m i ng the next year. Our 
first goal fur a system of interest to potential users is to 
produce a dc, - 1 ;-'.W beam at 200 <-?V. Achievement of this goal 
appears to be at least five years a.-, ay. 

A large part of our effort in recent years has been the 
development of suitable test facilities. In the process of 
designing and constructing tlim, if has been necessary to 
develop new concepts im', component s for the h i gh-p o'.-er 
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e l e c t r o n i c c i r c u i t s , and new d i a g n o s t i c t e c h n o l o g y . Two 

n e u t r a l beam f a c i l i t i e s , t h e BO- 100- k V / f>5- 10O-A / 1-s HVTS a t 

LLNL and t h f 1 ? 0 - k V/ 6 5 - A / 0 . 5 -s NP.STT a t LCL , have s u f f i c i e n t 

n e u t r o n s h i e l d i n g t o p e r m i t e x t e n s i v e o p e r a t i o n w i t h 

d e u t e r i u m . A l r . O - k V / ] 5 - A / 5 - s f a c i l i t y ( T S I 1 I A a t LBL) has 

r e c e n t l y been c o m p l e t e d f o r t e s t i n g f r a c t i o n a l - a r e a a d v a n c e d 

p o s i t i v e i o n s o u r c e s . The NBSTF w i l l be u p g r a d e d t h i s y e a r f o r 

1 .5 s o p e r a t i o n , and i n a b o u t ? y e a r s f o r 170 kV, G5 A, 30 S 

o p e r a t i o n . The HVTS w i l l be u p g r a d e d t o o p e r a t e a t 80 kV , 

88 A, 30 s . A ' . e s t f a c i l i t y f o r h i y h - p i v . / e r - n c g a t i v e - i o n - b e am 

d e v e l o p m e n t doos n o t e x i s t a t p r e s e n t . 

This work was supported by the U. S. Department of Energy 

under Contract W-7405-ENG-48. 




