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TABLE I 

Target p” Em(eV) I (H+) (mA) P(H+) (watts) 
--- 

1,456 

520 

231 

2981 

18,750 

Li .06 3,500 

Na .12 2,500 

K .I4 1,300 

cs .?.I 750 
c.26) (400) 

HZ -02 15,000 

416 

208 

178 

119 
(96) 

1,250 

initial !-I+ beam, in comparison with the use of H2. Ac- 
tually this is a very conservative estimate, since the 
additional power in the discharge (much greater for the 
large H+ currents needed in the HZ case than for the 
alkalis) has been neglected. Cesium is by far the most 
efficient H+ + Ii- converter. However, it suffers from 
the fact that very low beam energy is required to 
achieve this efficiency, and the V3/* factor in Eq. (1) 
makes it difficult for the H+ source to supply suffi- 
ciently large currents. Sodium vapor, whose efficiency 

(H+ + H-) is .12 at a much higher beam energy (2.5 keV) 
is probably a more satisfactory charge exchange medium. 
Furthermore, the maximum in the energy dependence curve 
of p” for sodium is broad compared with that for cesium; 
the conversion efficiency does not fall below .I0 for 
Hf beam energies up to 5 keV. 

A number of other factors enter the picture, in 
addition to those implied or explicit in Table I. The 
most important is the brightness or 4-dimensional phase 
space density B = 21/Ex&,, of the H- beam produced in 
the charge exchange process, where EX, Ed are the nor- 
malized areas in (x,x’) and (y,y’) space occupied by a 
beam of current level I. The output current of the 
MATS II source (for a given extraction and collection 
geometry) has been shwn to depend on extraction volt- 
age roughly as V3j2. Since the geometry of the appa- 
ratus is fixed, the un-normal ized “acceptance” areas 
c,/fiy and c /B-f are independent of beam energy, and the 
yogT;;;( ;ed \I- dinensional ernittance is then proportional 

. The H+ beam brightness then varies approxi- 
mately as 

L/3/2 B(“+) -.$$.T= !J’P . 

Neglecting the scattering which occurs in the H+ + H- 
conversion process, the resulting H- beam brightness 
varies as B(H-) - (Ff)B(H+) = TV’/‘. From Table I , 
the values of this relative brightness factor (arbi- 
ti-ary units) are: Li(3.5), Na(6.0), K(S.O), ~~(5.81, 
and Hz(2.4). If we consider the value for sodium at 
E = 5 keV, where F_” = 0.10, this parameter rises to 7.0. 

Given the goal of maximizing both H- intensity 
and beam b r i gh tness , without excessive power consump- 
tion, tne previous considerations suggest that sodium 
is the optimum charge exchange medium. However, for 
experimental reasons, the first measurements on the 
prototype charge exchange source are being conducted 
using ce\ium. 

Description of the Test Stand 

The essential components of the charge exchange 
ion source test stand are schematically indicated in 
Fig. 1. More detail is shown in Fig. 2, a photograph 
of the test stand, with the first vacuum chamber open. 

Fig. 1. Schematic representation of the charge ex- 
change H- ion source test stand. 

Fig. 2. View of ion source test stand showing H+ gen- 
erator, change exchange ccl I, and beam calori- 
meter. 

The positive ion generator is a LLL MATS II type nuiti- 
ple aperture ion source, whose construction and per- 
formance characteristics have been adequately described 
in the 1 iterature.s The plasma and accel -decei machined 
copper grids incorporate 279 holes in a hexagonal array, 
with 0.27 cm between centers. Hole diameters are: 
plasma grid (0.16 cm), accel grid (0.20 cm), and decei 
grid (0.16 cm). The plasma forming region is operated 
at extraction potential relative to ground, and is 
supplied by electronics located in an insulated rack 
powered by a 20 KVA isolation trat-IsFormer. A UV ,win- 
dew in the vacuum wall between the anode and plasma 
boundary grid permits spectroscopic observation of the 
plasma in this region. 

The vacuum system to which tne MATS II source is 
coupled is modular, consisting of a set of rectangular 
steel frames covered by demountable aluminum plates on 
four s i des . All experimental hardware is mounted on 
these plates, which permits considerable flcxibil ity 
in altering the configurations of diagnostic>, etc. 
Each vacuum box is pumped by a single 2400 j/set 

1641 



diffusion pump through a water cooled chevron baffle. 

The alkali vapor charge exchange cell is designed 
for use with either cesium or sodium. Construct ion de- 
tails are shown in Fig. 3, a photograph of the unit 
mounted on its supporting plate. The system consists 
Jasically of a heated and valved stainless steel reser- 
voir (25 g capacity for cesi urn) and a recirculating 
charge transfer ccl I. The cell is a 3.2 cm (I.D.) 
stainless steel tube, 36 cm long, containing three lay- 
ers of if160 stainless steel mesh pressed into its inte- 
rior surface. The central I5 cm is clamped in a copper 
block heated by coaxial heater wire; this region can be 
elevated to 250°C. The ends of the steel tube are 
clamped in independently heated (or cooled) copper 
blocks which are used to maintain these regions at a 
temperature slightly above the solidification point 
(29°C for cesium, 98” for sodium). The central region 
is run with liquid alkali metal in the mesh in equilib- 
rium with its vapor at a temperature high enough to 
provide adequate target thickness for optimum ti+ * H- 
conversion. As the vapor proceeds towards tiie ends of 
the ccl 1 it condenses on the cooled walls and is re- 
turned by capillary action in the mesh to the central 
region. This recirculating technique reduces the loss 
of alkali vapor from the cell by a very large factor 
(up to lOOO), minimizing contamination of the vacuum 
system, electrical breakdown of the extraction system, 
and consumption of the alkali metal.g 

Instrumentation 

The total beam current and its charge state com- 
pos i tion are measured by two independent systems. The 
first is a combined calorimeter and guarded Faraday cup, 
located 20 cm downstream from the charge exchange ccl 1. 
A set of apertures can be selectively interposed be- 
tween the beam detector and the ccl 1, and the entire 
system can be scanned across the beam diameter permit- 
ting both beam profile and total beam measurements. 
This instrument is used for measurement of the beam 
current ard power distribution transmitted through the 
charge exchange ccl 1, and provides no information on 
charge state composition. 
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Fig. 3. A.lkal i vapor charge exchange ccl I and supply 
reservoir mounted on vacuum box lid. 

‘Work supported ir part by the i]SERDA. 

The latter is provided by a magnetic differential 
analyzing system located in the second vacuum chamber. 
In this arrangement, a I mm aperture is scanned hori- 
zontal ly across the beam from the charge exchange ccl I. 

The beam pencil defined by this collimator is passed 
through a uniform field electromagnet which splits it 
into the various positive, negative, and neutral com- 
ponents present. In addition to the H-, H+, and H” 
fractions, there are also the H*+, Hs+, and positive, 
negative, and neutral beams arising from charge exchange 
and dissociation of these ions in the alkali cell. The 
negative and positive beam components are deflected by 
30” into two electrostatically guarded Faraday cups. 
The neutral component is incident on a negatively 
biased clean copper surface, and measured by secondary 
electron emission. 

Program Status 

The charge exchange H- source test stand is now 
sufficiently complete for a program of measurements to 
be initiated. The H” source has been run, briefly, at 
I keV beam energy, producing up to 25 mA of positive 
ions transmitted through the charge exchange cell, with 
no alkali vapor present. Given the ratio of the beam 
diameter for our starting geometry and that of Ref. 6, 
this is about what should be expected. The charge ex- 
change cell has been tested with cesium in a separate 
vacuum chamber, and satisfactory wetting and loading of 
the stainless steel ‘thick” has been observed. As can 
be seen in Fig. 3, the cell is provided with a flap 
closure system for sealing off the open ends, so that 
the entire tube can be heated to a high temperature 
during startup; this is necessary to induce proper 
wetting of the mesh by the alkali metal. A preliminary 
experiment with the H+ source running and the charge 
exchange cell loaded with cesium has indicated difficul- 
ties in holding voltage across the accel-decel elec- 
t rcdes. However, testing is at a much too early stage 
for any substantial conclusions to be drawn at present. 
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