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[57] ABSTRACT 

Multistage charged-particle accelerator for operating 
with accelerating voltages higher than 150 kV, con-
sists essentially of a high-voltage insulator, a source 
for producing charged particles, a Wehnelt cylinder, 
an anode and a post-accelerating tube containing 
stack-wise positioned post-accelerating electrodes. A 
high vacuum is used for insulating the parts carrying 
the high voltages, at least one cylindrical screen, sur-
rounding these parts, being interposed between them 
and the vacuum vessel, which can itself also function 
as a cylindrical screen. 

8 Claims, 1 Drawing Figure 
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MULTISTAGE CHARGED PARTICLE 
ACCELERATOR, WITH HIGH-VACUUM 

INSULATION 
5 

FIELD AND BACKGROUND OF THE INVENTION 
In electron accelerators using acceleration voltages 

up to 150 kV it is known to use high vacuum for insula-
tion. Accelerators of this kind have been used success-
fully for many years now in industry. 10 

On the other hand, in electron accelerators con-
structed for acceleration voltages over 150 kV, the 
charged particle source (electrons or ions), and the 
post-acceleration stages, are still installed in a tank 
filled with an insulating gas at a pressure higher than 1 5 

atmospheric. 
Charged-particle accelerators of this kind have the 

following disadvantages, in particular: 
a. Whenever it becomes necessary to attend to the 

source of charged particles (replacement of the cath-
ode in an electron accelerator, renewal of the gas or 
other material in an ion accelerator), the insulating gas 
has to be pumped out of the tank, stored, cleaned and 
finally pumped back into the tank, a time-consuming 
and costly operation. This applies particularly to the 25 
very costly SF6, which is a good electron-negative gas 
but is very sensitive to moisture. 

b. Due to presence of the pressure tank, the accelera-
tor has to be officially inspected at frequent intervals. 

c. The pressure tank is of costly construction. 30 
d. The post-accelerating tube contains a high vacuum 

and needs to be sealed carefully against the pressure 
tank. The seals used are usually rubber rings in contact 
with glass or ceramic. The individual sections of the 
apparatus must of course also be electrically insulated 3 5 

from each other. The constructional parts of the post-
accelerating tube therefore have to perform two differ-
ent functions. They have to act as gas seals and at the 
same time as voltage insulators. 

e. The known accelerators are of complex and costly 4 0 

construction and are unsuitable in this regard for gen-
eral use on a large scale in industry, where robustness 
and simple serviceing are essential. 

SUMMARY OF THE INVENTION 45 
The aim in the present invention is to provide a multi-

stage charged-particle accelerator for acceleration 
voltages above 150 kV, which is free from the disad-
vantages mentioned above. In particular the intention 
is to construct the accelerator in such a way that cath- 50 
ode replacement or ion source replacement can be 
done in a simpler and more rapid manner. 

The problem is solved by using high-vacuum insula-
tion everywhere, rather than only in the post-accelerat-
ing tube, that is to say around the post-accelerating 5 5 

electrodes, where it is of course physically necessary to 
ensure that the charged particles have a sufficiently 
great mean free path. In the accelerator according to 
the invention all the parts carrying high voltages are 
insulated against earth by high vacuum. To contain the 6 0 

high voltages at least one cylindrical screen (screening 
electrode) is interposed between these parts and earth. 
It should be observed that in prior art accelerators the 
post accelerating tube is not subdivided step-wise be-
tween the parts carrying high voltages and the pressure 6 5 

tank. A step-wise subdivision in this sense is provided, 
according to the invention, by the interposed cylindri-
cal screens. 

In the accelerator according to the invention the 
post-accelerating tube, which forms the environment of 
the accelerated particles, is subdivided into several 
electrodes, as known per se, in the first place so as to 
prevent flashovers in this region of high ion density, 
and in the second place in order to focus the beam of 
charged particles better by utilising the lens effect pro-
duced by the electrodes of the post-accelerating tube. 

The subject of the invention is therefore a multistage 
charged-particle accelerator for operating with accel-
erating voltages higher than 150 kV, consisting essen-
tially of a high-voltage insulator, a source for producing 
charged particles, a Wehnelt cylinder, an anode and a 
post-accelerating tube containing stack-wise positioned 
post-accelerating electrodes, the accelerator according 
to the invention being characterised in that a high vac-
uum is used for insulating the parts carrying the high 
voltages, at least one cylindrical screen, surrounding 
these parts, being interposed between them and the 
vacuum vessel, which can itself also function as a cylin-
drical screen. The invention relates more particularly 
to accelerators with acceleration voltages between 300 
and 450 kV. At the present time the highest accelera-
tion voltage produced in the accelerator according to 
the invention is approximately 600 kV. The upper limit 
is set by the insulating strengths of the commercially 
available high voltage lead-in cables. In regard to the 
degree of vacuum, it has been found in practice that 
surprisingly good results are obtained using a vacuum 
of only 1 X 10'4 Torr, a potential difference of 150 kV 
between neighboring screens, that is to say in the re-
gion outside the acceleration zone, and a potential 
difference of 50 kV between neighboring electrodes in 
the post-accelerating tube. However, the accelerator 
according to the invention is preferably operated with a 
vacuum between 1 X 10~8 and 1 X 10~7 Torr. For spe-
cial purposes an ultra-high vacuum can of course be 
used. 

BRIEF DESCRIPTION OF THE DRAWING 
The invention will now be described in greater detail 

on the basis of the preferred example shown in the 
single FIGURE, which is a section through a particle 
accelerator according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

A high-voltage insulator 1, which extends between 
earth potential and up to 450 kV, penetrates with its 
nose into the interior of a first cylindrical screen 11. 
With respect to this screen the insulator carries a po-
tential of 150 kV. The insulator 1 contains in its inter-
ior a group of potential-divider resistors 5 for linearis-
ing the potential, a high-voltage lead-in 2, a lead 3 for 
heating the cathode and a further lead 4 for the Weh-
nelt voltage. Spring-loaded contact rings 12, 12a 
mounted outside the high-voltage insulator 1 make the 
necessary electric contact between the potential-
divider resistors 5 and the cylindrical screens 11 and 
14. The potential-divider current can be read off from 
an instrument 6 situated outside the insulator 1. The 
high-voltage insulator is equipped with a device 21 
which allows it to be removed from the multistage 
charged-particle accelerator for exchanging cathodes, 
after venting the vacuum vessel 18. Mounted on the 
lower end of the high-voltage insulator 1 there is a 
beam-generating system consisting of a cathode 7, 
which can for example be a tungsten hairpin wire, and 



3,9< 
3 

a Wehnelt cylinder 8. The cathode and the Wehnelt 
cylinder can form a unit connected by a bayonet catch 
to the insulator, to allow easy replacement without 
changing the adjustment of the system. The high-volt-
age insulator 1 is also equipped, at its lower end, with a 
corona ring 9, for stabilising the voltage. An anode 10 
is mounted on the bottom of the first cylindrical screen 
11 j opposite the Wehnelt cylinder 8. The upper part of 
the first cylindrical screen 11 contains openings 13 to 
allow the cylindrical screen to be evacuated to high 
vacuum. The openings 13 are situated at locations 
which are uncritical in regard to high-voltage flash-
overs. 

The first cylindrical screen 11 is surrounded by the 
second cylindrical screen 14, there being a further 
potential difference of 150 kV between the two 
screens. The high-voltage insulator 1 also penetrates 
downwards into the interior of the second cylindrical 
screen 14. Between the bottom of the first screen 11 
and the bottom of the second screen 14 there is a stack 
of electrodes 15 forming a part of the post-accelerating 
tube. The potential difference between neighboring 
electrodes is at most 50 kV. The individual electrodes 
are supported on insulating feet 16, which together 
form the mechanical connection between the elec-
trodes and the first cylindrical screen 11. Interposed 
between the electrodes IS there are potential divider 
resistors 17, for establishing the desired potentials. It 
will be observed that these potential-divider resistors 
17 are in parallel with the potential-divider resistors 5 
situated within the high-voltage insulator 1. The second 
cylindrical screen 14 also has openings 13a to allow the 
screen to be evacuated. 

The second cylindrical screen 14 is surrounded by 
the vacuum vessel 18, there being a further potential 
difference of 150 kV between these two parts. The 
high-voltage insulator is supported by the cover of the 
vacuum vessel 18. Between the bottom of the second 
cylindrical screen 14 and the bottom of the vacuum 
vessel 18 there are a further three electrodes 15a of the 
post-accelerating tube, supported on insulating feet 
16a. Potential-divider resistors 17a are interposed be-
tween these electrodes 15a. 

Vacuum is provided by a high-vacuum pump (not 
shown). The pump can be connected to the vacuum 
vessel 18 at any suitable location, for example at 19. 

A scanner, or a target for the charged particles, can 
be attached to the bottom of the vacuum vessel 18 at 
the location 20. 

Heat is removed from the cathode heater 3 and from 
the potential-divider resistors 5 by oil circulating in the 
interior of the high-voltage insulator 1. 

The multistage charged-particle accelerator accord-
ing to the invention is preferably constructed in the 
form of a cylindrical condenser, although other forms 
of construction are possible. The accelerator according 
to the invention is suitable for use, for example, in the 
following applications: 

a. As an industrial electron accelerator (400 kV, 75 
mA) for sanitizing sewage sludge at a throughput of 10 
m3/h. 

At the beginning of each week shift the cathode 7 can 
be exchanged by simply lifting the high-voltage insula-
tor 1 out of the vacuum vessel 18. After re-installing 
the insulator 1 the vessel 18 is put under vacuum by a 
preliminary vacuum pump. After 30 seconds pumping 
is automatically switched over to a high-vacuum pump. 
After a further 180 seconds the high voltage is switched 
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on and irradiation begins. In the irradiation of sewage 
sludge, the cathode 7 is destroyed, by bombardment by 
residual gas ions, so that after less than 50 hours of 
operation the cathode has to be replaced. This can be 

5 done, as already mentioned, at the beginning of the 
next shift. 

b. As an industrial electron-beam source for use in 
the hardening of lacquers in the woodworking indus-
tries (acceleration potential 300 kV, maximal electron 

1° current 50 mA, scanning width 2.40 m). 
For acceleration voltages up to 300 kV adequate 

highvoltage insulation is provided by two cylindrical 
screens nested the one within the other, the outer 
screen taking the form of the vacuum vessel 18 itself. In 

15 this case the electrons are post-accelerated in three 
stages by electrodes 15 situated between the first cylin-
drical screen 11 and the vacuum vessel 18. The cath-
ode can be replaced very rapidly, as described above. 
This accelerator hardened lacquer at the rate of 450 
kg/h, with 50 percent energy conversion. 

c. When the accelerator is used for projecting a beam 
of ions, the electron source is replaced by an ion 
source. Arranged in this way the appartus is capable of 
accelerating ions up to an energy of 400 kV. On leaving 

2 5 the post-accelerating tube the ions pass through a diffu-
sion gap out into the external air. The beam of acceler-
ated ions can for example be used for stimulating reac-
tions in chemical substances. 

While a specific embodiment of the invention has 
30 been shown and described in detail to illustrate the 

principles of the application, it will be understood that 
the invention may be embodied otherwise without de-
parting from such principles. 

I claim: 
3 5 1. A multistage charged-particle accelerator for op-

erating with accelerating voltages higher than 150 kV 
comprising, in combination, a vacuum vessel; a rela-
tively elongated high voltage insulator disengageably 
mounted on said vacuum vessel to extend thereinto; a 

40 Wehnelt cylinder and a source for producing charged 
particles mounted on the inner end of said high voltage 
insulator; an anode; means in said vacuum vessel sup-
porting said anode in spaced relation to said source; 
said Wehnelt cylinder and said source constituting 

45 parts carrying the high voltages; a post-accelerating 
tube, containing stack-wise positioned post-accelerat-
ing electrodes, extending from said anode in said vac-
uum vessel; means, including a high voltage cable, 
supplying the operating potentials for said parts carry-

50 ing the high voltage, said anode and said electrodes; 
said vacuum vessel having means for connection to a 
source of high vacuum for providing a high vacuum in 
said vessel to constitute the insulating medium for the 
parts carrying the high voltage; and at least one cylin-

5 5 drical screen in said vessel surrounding the parts carry-
ing the high voltage and interposed between these parts 
and the vacuum vessel; said vacuum vessel functioning 
as a cylindrical screen. 

2. Accelerator according to claim 1, including at 
6 0 least two said cylindrical screens nested within one 

another and surrounding the parts carrying the high 
voltages; said cylindrical screens being so arranged 
that, at the locations where no charged particles are 
accelerated, the potential difference between adjacent 

65 screens is at least 150 kV; and, at locations where 
charged particles are accelerated, the potential differ-
ence between adjacent post-accelerating electrodes is a 
maximum of 50kV. 
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3. Accelerator according to claim 2, in which said 
means supplying said operating potentials includes first 
potential-divider resistors connected between said vac-
uum vessel and said screens, and second potentialdi-
vider resistors connected between said post-accelerat-
ing electrodes in parallel with said first potential-
divider. 

4. Accelerator according to claim 2 in which a high 
vacuum of at least 1 X 10~4 Torr is used for insulating 
the parts carrying the high voltages. 
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5. Accelerator according to claim 2 in which the 
accelerator is constructed for acceleration voltages 
between 300 and 450 kV. 

6. Accelerator according to claim 2 in which the 
5 accelerator is equipped with an electron source, the 

accelerated charged particles being electrons. 
7. Accelerator according to claim 2 in which the 

accelerator is equipped with an ion source, the acceler-
ated particles being ions. 

10 8. Accelerator according to claim 2 constituting an 
electron accelerator for sanitizing sewage sludge. 
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