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[57] ABSTRACT 
Linear particle accelerator of compact dimensions, in 
tended for industrial or medical applications, compris 
ing, in a vacuum enclosure, a particle source and an 
accelerating structure having an input coupler con 
nected to a waveguide extending along the lateral and 
end walls of said accelerating structure, the waveguide 
portion located against the end wall of said structure 
being provided with two holes located along the beam 
path for the passage of accelerated particles; a hood 
arrangement groups all parts of the accelerating de 
vice (accelerator, UHF electromagnetic power source, 
voltage supplies). ’ 

7 Claims, 8 Drawing Figures 
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LINEAR PARTICLE ACCELERATORS 

The present invention relates to linear particle accel 
erators, in particular electron accelerators, and relates 
more particularly to accelerators of compact design. 
Compact linear accelerators of this kind are gener 

ally intended for medical applications such as gamma 
radiography or radiotherapy, in which the high-energy 
particles bombard a target made of a metal having a 
high atomic number which metal emits X-rays or gam 
ma-rays under the in?uence of said bombardment. The 
compact design of the accelerator is even more impor 
tant where the equipment has to be spatially mobile, 
that is to say to be capable of being aligned in order 

' ‘that the radiation emitted by the target can be directed 
to the desired location (organ being irradiated). 
The known accelerators of this type generally have a 

relatively substantial bulk and are therefore difficult to 
manipulate. 
The acclerator in accordance with the invention en 

ables these drawbacks to be overcome. In this accelera 
tor, in other words, the essential elements are arranged 
along the accelerator section and rotated inside a cylin 
der of reduced dimensions. ' 

In accordance with the invention,a linear particle ac 
celerator comprises a vacuum enclosure in which is lo 
cated a source producing a particle beam, an accelerat 
ing structure and means to inject hyperfrequency en 
ergy in said structure, said means comprising at least a 
folded waveguide entirely located within said enclo 
sure, along said accelerating structure ; said structure 
being formed with a succession of cylindrical elements 
provided with notches ; said waveguide being located 
within said notches. 
For a better understanding of the invention and to 

I show how the same may be carried into effect, refer 
ence will be made to the drawings, given solely by way 
of example, which accompanies the following descrip 
tion and wherein : 
FIG. 1 illustrates a longitudinal section of an acceler 

ator in accordance with the invention. 
FIGS. 2, 3 and 4 illustrate a partial transversal section 

of an accelerator in accordance with the invention. 
FIGS. 5 and 6 ‘respectively illustrate two embodi 

ments of the waveguide used in the accelerator. 
FIGS. 7 and 8 illustrate two variant embodiments of 

the accelerator in accordance with the invention. 
In all these ?gures, identical references indicate iden 

tical elements. ' 

FIG. 1 shows a partial longitudinal section of a parti 
cle accelerator in accordance with the invention. This 
accelerator comprises a vacuum enclosure 1 in which 
is located a particle source 2 (electron gun for exam 
ple), an accelerating structure 3 and means for inject 
ing the hyperfrequency energy into said structure 3 
which is constituted with elements e1, e2 en, each 
comprising a cylindrical portion 5 provided with a dia 
phragm 6 which is in the form of a thin disc having a 
central opening 7 for the passage of the beam. The as 
sembly of these elements makes, up the cylindrical reso 
nant cavities of the accelerating structure 3. 

Each of these elements e1, e2 em comprises a cer 
tain number of notches 8 and ?xing lugs 9, provided 
with a cylindrical hole, so that they can be assembled 

by means of rods 11. The neighbouring elements e1 e" assembled on the rod 1] are then welded together 

along an annular surface 4. ' 
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2 
The two ends of an accelerator section thus assem 

bled, are respectively equipped with conventional input 
and output. The ?rst element e, of the accelerating 
structure 3 is coupled to a first junction or input cou 
pler 13. The input coupler 13 is designed to provide a 
matched junction between a waveguide 14 and the cy 
lindrical accelerator element e, and to excite at the lat 
ter a TM-mode wave (preferably TMm). This wave 
guide 14 can be a rectangular section waveguide as 
shown in FIG. 2 or another waveguide as shown in FIG. 
3 and 5 or FIG. 4 and 6. The FIG. 6 illustrates an arcu 
ate section waveguide and the FIG. 5 a vee-shaped 
waveguide. 

In FIG. 1, in order on the one hand to achieve a mini 
mum bulk and on the other hand to group together the 
parts which carry high voltages (the electron-gun 2 and 
the magnetron 24), the waveguide supplying UHF 
power to an input coupler 13 is arranged parallel to the 
longitudinal axis of the structure 3. 
The magnetron 24, here located close to the elec 

tron-gun 2, supplies in series an isolator 25 and a ?exi 
ble waveguide 26, arranged parallel to the accelerating 
structure 3, and a ?at elbow terminating in the sealed 
window 22 which is, in this case, located at the level of 
the exit of the accelerating structure. 

Inside the enclosure 1, the UHF power has to be sup 
plied to the input coupler 13 through a waveguide 14 
of low height. The standard section window 22 is con 
nected to the waveguide 14 of low height, through a 
matching section or coupler 20 whose dimensions re 
duce gradually. 
The waveguide 14 is arranged, at the output of the 

accelerating structure 3, perpendicularly to the axis of 
said accelerating structure 3 and is equipped with two 
openings 18 and 19 to pass the accelerated electrons 
towards the target. 
A ?at elbow 16 permits to the waveguide 14 to be 

parallel to the accelerating structure and arranged be 
tween the cylindrical parts 5 of the elements e,.~..e,,, and 
the internal face of the enclosure 1. The notches 8 of 
the elements e1...e,, enable the waveguide 14 to pass 
along it. 
The waveguide 14 is connected to the input coupler 

13 through an elbow 15. 
It should be pointed out that in order to gain space, 

it is possible to replace a rectangular waveguide 14 as 
shown in FIG. 2 to a waveguide having a vee-shaped 
cross section 41 cross~section, (see FIG. 5) or an arcu 
ate cross section 40 (see FIG. 6). 

In this case, the elbows l5 and 16 which respectively 
connect the waveguide 14, extending along the acceler 
ating structure 3, with the input coupler 13 and the 
other coupler 16 having rectangular cross-sections, 
have special shapes to match the UHF power channel. 
The accelerating structure 3 illustrated in FIG. 1, has 

no external matched load to dissipate the residual UHF 
energy. This load is here constituted by a material 29 
of a high - resistivity alloy, covering the internal sur 
faces of the elements (e,,_2, e,,_,, e,,) which are located 
at the exit extremity of the structure 3. This kind of ma 
terial can be produced by means of an alloy of iron, 
chromium, cobalt and aluminium which is available 
commercially under the name of KANTHAL, or better 
an alloy of nickel, chromium and aluminium which is 
commercially marketed under the name TOPHET H, 
for example. This latter alloy contains no ferromag 
netic elements (Fe) which is avantageous because the 
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presence of the magnetic ?eld generated, for example, 
by the coils used to focus the electron beam and sur 
rounding the accelerating structure (these coils have 
not been shown). 

It should be pointed out that by reducing the number 
of cut-outs 8 and ?xing lugs 9 in the elements e1 e,,, 
to three (instead of four), it is possible to arrange into 
cut-outs 8 having substantially radial walls, a wave 
guide 14 of greater width, whose cut-off frequency is 
lower than that which it is possible to obtain with a 
waveguide of the kind shown in FIG. 2. 
The embodiment illustrated in FIG. 7, comprises a 

matched load within a waveguide 30. An output cou 
pler 42 is matched to the waveguide 30 and to the last 
element e,' of the accelerating structure 3. The wave 
guide 30 will preferably have a cross-section identical 
to the section of the waveguide 14 which supplies UHF 
power to the input coupler 13 (FIG. 1). The waveguide 
30 is terminated in a matched load 31. This matched 
load can be replaced by the waveguide section which 
is internally covered with a resistive material and 
closed by a short-circuiting plate. The resistive material 
used can be constituted by one of the aforementioned 
materials. 
FIG. 8 illustrates another variant embodiment of the 

accelerator in accordance with the invention. 
In this embodiment, the input waveguide 32 is pro 

vided with three elbows 33, 34 and 35 and is coupled 
on the one hand to the magnetron 24 and on the other 
hand to the ?rst element e, of the accelerating structure 
3 by means couplers 38 and 39. 
A modulator assembly 50 supplies the cathodes of 

the magnetron 24 and the particle source 2, (FIG. 1). 
The accelerator in accordance with the present in 

vention is a device of reduced dimensions in order to 
make it easy to manipulate, and groups together the 
parts carried to very high voltages (cathodes), thus fa 
cilitating the protection of the user. The modulator 30, 
the accelerating structure 3, the magnetron 24 are in 
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4 
cluding within a hood 44. 

Linear electron accelerators of this kind are intended 
primarily for medical application such as gamma radi 
ography or radiotherapy, for example. 
What we claim is : a» 

1. A linear particle accelerator comprising a vacuum 
tight enclosure in which is located a source producing 
a particle beam, an accelerating structure, means for 
loading said accelerating structure and injecting means 
to inject hyperfrequency energy in said structure, said 
injecting means comprising at least a folded waveguide 
entirely located within said enclosure, along said accel 
erating structure ; said structure being formed with a 
succession of cylindrical elements provided with 
notches , said waveguide being located within said 
notches. 

2. A linear accelerator as claimed in claim 1, wherein 
said structure, having notches, carries at least a wave 
guide having a shape adapted thereto. 

3. A linear accelerator as claimed in claim 2, wherein 
said accelerating structure, having a cylindrical shape, 
is provided with notches comprising substantially radial 

1 walls, said waveguide having lateral planar walls paral 
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lel to said radial walls and two other bent walls. 
4. A linear accelerator as claimed in claim 3, wherein 

said bent walls are arcuate. 
5. A linear accelerator as claimed in claim 3, wherein 

said bent walls are vee-shaped. 
6. A linear accelerator as claimed in claim 1, further 

comprising another waveguide into said vacuum enclo 
sure and extending along said accelerating structure, 
said waveguide being coupled thereto to the last ele 
ment of said structure, said waveguide including said 
high-frequency absorbing substance. 

7. A linear accelerator as claimed in claim 1, wherein 
the portion of said waveguide extending in front of the 
end wall of said structure is provided with two holes lo 
cated along the beam path and facing one another. 

* * >1‘ * 


