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Abstract

Phase density distribution for the beam section 
close to a source was found by measured distribution 
of phase density for some more distance beam section 
with the help of numerical solution of equation system 
for a self-consistent field. Ion beams obtained 
from a duoplasmatron were studied at different opera
tion regimes of the source, i.e. at variation of 
extraction conditions.

The calculated distribution of phase density near 
the source makes it possible to judge about the shape 
of the plasma boundary, dimensions of the radiating 
surface and their variation with variation of extrac
tion conditions. The results on the beam velocity 
structure near the source of different extraction 
conditions are given.
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π
The phase space volume of an ion beam is mainly defined by 

the conditions of extraction from the source. To solve the task of increas
ing the phase density of high intensity beams, first of all one has to 
determine the relation between beam phase density distribution and conditions 
of extraction from the source plasma. The redistribution of the phase 
density and the changes of phase volume configuration occuring in real 
beams (1) do not allow for the unambiguous interpretation of the influence 
of conditions of extraction when the measurement of phase density 
distribution is carried out at a distant beam point (section). The measu
rement of phase distribution close to the plasma surface is extremely 
difficult if at all possible for the time being.

In our work the phase density distribution was measured at some 
distance from the duoplasmatron source (2) region of the beam and then the 
phase density distribution f, the configuration of transverse phase volume, 
and the current density distribution close to the plasma surface, were calcu
lated numerically. Calculations were performed by the numerical solution of 
a set of self-consistent field equations for the function f. This method 
is described in (1, 3, 4).

A modification of the known four slit method (5) was adapted 
to carry out the measurements of transverse phase volume.

Three groups of experiments were examined, each with different 
conditions of extraction. Working parameters of the ion source for these 
cases are given in Table.

* The distinction drawn by the authors between an unbounded phase space 
or co-ordinate system, and a bounded volume in phase space, or ’’phase 
space volume" abbreviated to phase volume, is preserved in the transla
tion. "Phase volume density" is also abbreviated by the authors to 
phase density and likewise "phase volume projection " (emittance) 
to phase projection (Trans.)
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Nr. of 
experiment

Beam current I 
(A)

Magnetic 
field B 

(T)

Discharge 
current I, (A) d

Extraction 
voltage U 
(kV)

I Beam brightness

2 $ 2 8
(A/m .rad )x 10

1
2
3 I

1.5
2,0
2,4

0,33
0,33
0,33

55
92

200

60
60
60

4,8
6,1
8,4

1
2
3 JL.

ι,ι
Γ,2
1,3

0,85
0,85
0,85

55
55
55

30
40
50

3,7
5,3
5,8

1
2
3

1,2
1,8
1,6

0,33
0,52
0,85

92
92
92

30
30
30

5,1
7,6
9,7

The results of measurements and calculations of phase density 
distribution and other parameters of the beam for the first gioup of 
experiments (cf. Table) are illustrated in Fig. 1. In this group, plasma 
density and shape of emitting surface were altered by a change of discharge 
current in the source.
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Fig. 1 Beam envelopes, current density distributions and phase volume 
projections at different values of source discharge current. 
Projections are given for the particles with zero angular velocity.
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The current density distributions and projections of transverse phase 
volume at various points along the beam are shown; beam envelopes are 
also illustrated in this figure. Calculated envelopes are in agreement 
with the visual observations and with evaluations of beam dimensions at 
the source from the images on the film.

The transverse phase volume configuration and current density 
distribution uniquely determine the shape of the plasma surface. A 
qualitative picture of the emitting surfaces for analyzed cases is shown 
in Fig. 2. For comparison, there are also illustrated some simple 
geometries of plasma surface usually taken for quantitative treatment 
of extraction from the plasma.

a b c d e f

Fig. 2 Shape of plasma surface* beam current density distributions and 
phase volume projections at various working conditions.

As Fig. 2 shows, the real surface of the plasma is a complicated 
one with the varying radius of curvature; the curvature of the surface can 
have different signs. In these circumstances the extracted current has a 
complicated multi-velocity structure.
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An H-Iike configuration of phase projection (case ”c” in Fig. 2) 
corresponds to a plasma surface, the curvature of which decreases from the 
edges to the centre (sign of curvature may change), and to the saddle- 
shaped current density distribution of the beam.

Zigzag-Iike Configurationof the phase projection (case "b" in 
Fig. 2) corresponds to the plasma surface with the curvature increasing 
from the edges to the centre and to the bell-shaped current density 
distribution. More complicated configurations may exist (case ’’a” in 
Fig. 2).

Presented results (cf. Fig. 1) show that the phase density 
distribution and configuration of transverse phase projection, change 
considerably with the distance from the source. The dependence of the 
beam current I on the 4-dimensional phase volume appears to be the invariant 
of that motion. This dependence defines also the brightness of the beam, 
that is the current density within the phase volume, the most important 
characteristic of the stream of charged particles. The dependence I vs (V^) 
for all investigated cases is shown in Fig. 3. The case "a" corresponds 
to different values of discharge current with the remaining parameters 
constant. In this case both the plasma density arid plasma surface shape are 
affected. The growth of the brightness with the increasing discharge 
current is due to increase of plasma density. But, as stated before, in 
this case the deterioration of the phase volume projection caused by the 
distortion of the plasma surface leads to the increase of effective 
phase volume of the beam.

Case "b” corresponds to the variation of extraction voltage 
where only the shape of plasma surface is affected. Therefore, at high 
values of extraction voltage when the distortion of emitting surface 
become high, the brightness of the beam falls.
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a b c

Fig. 3 I vs (V^) dependence : a - discharge current being varied; 
b - extraction voltage being varied; c - magnetic field in 
the source being varied.

Case "c" corresponds to the variation of magnetic field. The 
increase of the brightness in this case is less pronounced than in the 
case "a" because there is no magnetic field in the extraction region.
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