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The proton beam current avadable from our KN 3000 Van de Graaff accelerator has been more than doubled by the 
installation of a newly destgned focussing electrode 

1. Introduction 

The HVEC KN 3000 Van de Graaff generator m 
Utrecht provided stable proton beam currents of up 
to about 90~A H~gher beam-current settings 
caused the beam to jump to another "mode" ,  in 
which the beam could not be adequately focussed 
Fig 1 gives an illustration of this phenomenon 
measured with a beam profile monitor, placed at 
the poSltlOn of the entry slits of the analysing 
magnet A well focussed proton beam is observed 
for beam currents up to 90 ~A (lower beam) A 
small change in the settings of the control knobs 
leads to a badly focussed beam of 120 ~A (upper 
beam), that can hardly be manipulated by the ion- 
source controls, such as the gas- and magnet 
controls The ion source had to be restarted from 
zero current to get back the well-focussed mode 
During these measurements the generator was pro- 
vlded with a HVEC-C-SO-173 ion source, with a 
pyrex bottle and a stainless steel hned aluminum 
canal (length = 12 mm, 0 = 2 1 mm) According to 
the specifications the source can dehver proton 
beams of more than 1 mA 
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Ftg 1 Profiles of the proton beam measured with a beam-profile 
monitor Lower beam a well-focussed proton beam of 90/~A 
Upper beam a badly focussed proton beam of 120/IA The 
d~stance between the two markers ~s 38 mm 

Since high beam currents are essential for several 
nuclear structure experiments, the hmltatlons of the 
beam current were investigated Because the ob- 
served phenomena strongly suggested shortcomings 
m the funct~omng of the ~on source and extraction 
system, this part of the accelerator was investigated 
m more detail 

2. The ion source system 
The operation of the ion source and the extrac- 

tion system was studied at the accelerator with 
rolled-off tank The beam current of the ~on source 
can then be measured by using the accelerator tube 
as a Faraday cup by electrically connecting all the 
electrodes With this set-up ~t was found that at 
higher beam-current settings, the measured beam 
current was only a small fraction of the current on 
the focussing electrode This caused a heavy load- 
ing of the focus power supply and impeded the 
functioning of the f o c u s s i n g  electrode Lowering the 
internal resistance of the focus power supply from 
5 M.Q to 100 k.Q and increasing the rectifiers from 5 
to 20 mA gave only a small Improvement The 
mentioned phenomena clearly show that at higher 
beam-current settings a gas discharge appeared 
between the exit of the source and the focussing 
electrode This caused a blowing-up of the beam 
and partly a short-clrcmtmg of the focussmg elec- 
trode 

The vacuum at the focussing electrode, which is 
rather critical, is obtained by pumping via the accel- 
erator tube The conductance of the accelerating 
tube is rather low, for hydrogen between 30 and 
401/s, depending on the pressure At the source 
end of the tube the f o c u s s i n g  electrode is mounted 
on a metal plate The pressure at the extraction 
system of the ion source ~s obtained by pumping 
through the canal (length--87 ram, 0 = 14 mm) in 
the focussing electrode (see fig 2, lower half) This 
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Fig 2 The extraction system of the ,on source The lower half gwes the set-up with the HVEC Focussing electrode, the upper halt" 
the ne~ configuration as descr,bed m the text 

causes a strong reduction of  the pumping speed 
around the focussing electrode 

The discharge between the source and the focus- 
sing electrode is stimulated by the following two 
effects backstreamlng fast electrons produce hard 
X-rays which are only partly absorbed by the shield 
of  HEVIMET material around the focussing elec- 
trode (see fig 2), the outer part of the ion beam 
sometimes hits the inside of  the long canal of  the 
focussing electrode, as can be shown m a geomem- 
cal consideration 1) On the basis of  these observa- 
tions a new focussing electrode was designed, 
which will be described m the next section 

3. The new focussing electrode 
In fig 3 the new focussing electrode is shown 

The canal is 20 mm shorter than that of  the old 
electrode, this prevents the ion beam from hitting 
the wall The diameter of  the extraction hole is 
increased from ~ = 6 mm to ~J = 10 mm At the end 
piece of  the focussing electrode four big slots(0 
= 24 ram) are milled to make full use of the avail- 

able pumping speed at the extraction system 

The vacuum in the accelerator was previously 
produced by a Pheiffer turbomolecular pump sys- 
tem with a pumping speed of 260 l/s, which has a 
low compression ratio for hydrogen 2) An Edwards 
Dlffstak pump has now been installed, which has a 
pumping speed of 1300 i/s for hydrogen Due to its 
smaller dimensions it could be installed closer to 
the exlt of  the accelerator 

Sometimes, a change was observed m the column 
current during adjustments of  the beam This 
happens when a part of  the beam hits the tube 
electrodes This disturbing effect could be avoided 
by electrically connecting two tube electrodes to the 
focussing electrode, which makes the transition 
from the focussing electrode to the first tube elec- 
trode more gradual At the same time the resistor 
of  the first electrode was changed from 400 M£2 to 
200 MQ (see fig 2) 

4. Results 
With the improvements mentioned above the 

accelerator provides proton beams of  more than 
200/~A on target in the energy range from 1 to 
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Fig 3 The new focussing electrode 

3 MeV The hortzontal and vertical exit shts of  the 
analysing magnet  were 2 m m  In the whole energy 
range the beam could be adequately adjusted with 
all ion source parameters  Optlmahzat lon of the ton 
source beam was faclhtated by making the current 
through the source magnet  adjustable,  in the origi- 
nal design it had a fixed value 

It lS expected that,  due to better  operation condi- 
tions, the lifetime of the ion sources will increase 
considerably Statistics are, of  course, not yet avail- 
able, but the lifetime of  the first source operating in 
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the new set-up was more than twice the average 
llfettme obtained previously 

The  high beam currents have been essential in 
recent experiments  on resonant absorption of high- 
energy g a m m a  rays 3) 
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