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Abstracts 

A rectangular version of the periplasmatron ion source capable of illumi
nating with a homogeneous plasma a 40 x 18 cm2 extraction area has been construc
ted at FAR for the need of JET [1]. Intense ion beams up to 40 A, 80 KeV energy, 
240 mA/cm2 extracted ion current density, 0,1 sec pulse length have been produced 
with this sourc-». by using an extraction area of 12 x 38 cm2 and a three electrodes 
multi-aperture extraction system. The full size JET ion source will be an extrapo
lated version with an extraction area of 18 x 45 cm2 The line is now in operation 
with an electrostatic beam dump, which is under test. 

Experiments have been carried out, lo investigate some phenomena which affects 
the injector operation like the thermal load of the grids by the acceleration of 
charged particules created in the accelerating gaps of the beam-forming electrodes 
and the transmission losses due to the beam divergence. 
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The plasma source is shown in figure 1 . The size of the intermediate 
electrode, the shape of the anode and the magnetic field configuration are 
optimized in order to establish a homogeneous plasma over an area of 18 x 40 cm . 
The plasma source properties were studied with 21 identical plane Langmuir probes 
distributed over a stainless steel plate on the extraction plane. The measurements 
show a very good,plasma homogeneity (within * 6 Z) both in longitudinal and 
transversal (up to 18 cm) directions. The measured density profiles for different 
values of the plasma ion flux are reported in figure 2. The ion flux is roughly 
proportional to the discharge current about 0,3 A/cm2 per ampere of arc current, 
as it is shown in figure 3. The maximum applied arc voltage was 130 volt. 

The plasma is noise free. The density fluctuation level with D.C. heated 
cathode filaments is ± 2 Z. With AC heated filaments (as required for JET) this 
level increases up to ± 5 Z. The gas filling pressure (H2) required for a stable 
and reliable operation of the discharge has been measured as a function of the 
plasma ion flux intensity. The results of these measurements are shown in figure 4 
The measured dépendance of j+ with the source filling pressure agrees with a simple 
theoretical model which includes the Langmuir relation at the cathode surface, 
the proportionality of the ion flux j + with the primary electron flux j~, and the 
particle balance. 

In these measurements an ion beam was extracted from an aperture made at the 
center of the plate which supports the Langmuir probes and analyzed by a 180° ma
gnetic mass analyzer placed at about 15 cm from this plate. The measurements were 
made at a constant beam acceleiating voltage and magnetic field intensity. The 
currents corresponding to the Ht , H? , Ht components of the beam were collected 
by three large Faraday cups (from which the secondary electron emission was pre
vented) and recorded simultaneously during the pulse. The results of a series of 
measurements with hydrogen are reported in figure 5. 

The proton content of the beam slightly exceeded 70 Z. A higher ( 80 Z) 
atomic species content was measured in Deuterium as indicated in figure 5. 
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Experimental Beam line 

The ion source and the 3 grid extraction system, allowing beam opeiation up 
to 80 KV, which is discribed by P. Raimbault on the same symposium, was mounted 
on an injector test bed. The vacuum vessel of 1,5 x 1,5 x 6 m3, is equipped with 
4 liquid He cryopumps with a total pumping speed of 4 x 8.10* 1/sec for H^ . 

In all the present experiments the source is grounded. The neutralizer and 
the ion-beam is at the negative high potential. In a first series of measurements 
the beam calorimeter was at the neutralizer potential. The total beam : ions aad 
neutrals is intercepted. In a second series an electrostr.f.ic beam dump was mounted 
between the neutralizer and the grounded calorimeter, figure 6. It allows to 
collect the non neutralized part of th*. beam. The neutrals are collected on the 
calorimeter target [2]'. 
1° - Reproducible operation of the source at beam energy up to 80 KeV has been 
obtained. The ratio of extracted ion current to the applied extraction voltage 
for a perveance matched beam is shown in figure 7. The maximum ion current is 
40 A, corresponding to an ion current density of j + * 220 mA/cnr . The beam perveance, 
depending on the proton content in the beam varies in the range of 
1,6 - 1,9.10 ~ 6 A/V 3/2. The pulse length is 50 - 100 ms. In most experiments some 
non destructive H.V. break-downs occur during the pulse. They are well controlled 
by a protection system consisting of 2 series tetrodes. At each break-down the beam 
is interrupted within 10M sec and it is off during 2 ms. [3]. 
2° - In the second série of measurements the electrostatic beam dump is mounted 
and the calorimeter is now at 5 m from the extraction grids. A negative voltage 
(suppressor voltage) with respect to the neutralizer is applied to the beam dump 
in order to create a potential barrier for the neutralizer plasma electrons. 
Another voltage (baffle voltage) is applied to the baffle elements of the beam 
dump. It serves to prevent secondary electrons release (created by impact of 
positive particles) toward the neutralizer or ground. 

Very reliable operation of the system has been obtained so far for extracted 
ion currents of 20 A at 45 KcV. The suppressor voltage is then 3 KV. (6,5 % of 
the voltage) and the baffle voltage between the bars beeing of the order of 2 KV. 
More detailed experiments are now under study. 

The neutral beam transmission measurements at 5 m from the extractor indicate 
a good agreement with previous experiments. 55 % of the H.V. electric power is 
transmitted as neutral beam to the calorimeter. In the previous experiments 83 % of 
power efficiency (ions + neutrals) at the neutralizer exit has been measured. 
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By taking'a neutral conversion efficiency of 75 Z (40 KeV energy) it results 
that about 90 Z of the beam coming through the neutralizer is transmitted to 
the target at 5,20 m. This is consistent with a measured beamlet divergence 
of a - 0,9°. 

Conclusion 

The periplasmatron ion source with a 3 electrode extraction system provides 
a very reliable ion beam of 3,2 MV extracted power at 80 KeV energy. A slight 
increase in source size permits to meet JET recommandation of 5 MW extracted power 
at 80 KeV. The high voltage protection system with 2 tetrodes in series 
(2 x 120 KeV) prevents any destructive break down. 
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ION SOURCE FILLING PRESSURE 
Ptoma ion flux versus the source filling pressure «H-) 
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