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[57] ABSTRACT 

A beam transport device for a particle beam 
traversing first and second sections of a beam tube in-
cludes a pair of bellows each having an end mounted 
to an associated one of the sections of the beam tube. 
Interposed of the bellows and sealed to associated 
ends thereof are a particle-beam-extraction window 
and a rigid hollow member juxtaposed of the extrac-
tion window. Motive means are coupled to provide 
motion to the extraction window and rigid hollow 
member whereby they may be respectively aligned 
with the particle beam upon deformation of the bel-
lows. 

6 Claims, 4 Drawing Figures 
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DEFORMABLE BEAM TRANSPORT SYSTEM 
WITH EXTRACTION PORT 

CONTRACTUAL ORIGIN OF THE INVENTION 

The invention described herein was made in the 5 
course of, or under, a contract with the United States 
Atomic Energy Commission. 

BACKGROUND OF THE INVENTION 

The present invention relates to particle accelerators 
and more particularly to a beam transport device for 
such accelerators. Particles in today's accelerators are 
generally accelerated either in a circular orbit (as in a 
cyclotron or synchrotron) or in a straight line (as in a JJ 
linear accelerator). The particles are 14 in beam tubes, 
which tubes are partially evacuated to a high vacuum, 
generally of the order of 2 X 10-8 Torr. After they have 
been accelerated, the particles are extracted from the 
accelerator to effect collisions with targets of interest. 2o 
As the particles leave the accelerator and progress 
towards the target, the particle beam deteriorates in 
quality. That is, the further the distance to the target 
the poorer the quality of the beam. The quality of the 
beam degrades in two respects. First, the space charge 25 
causes the beam to debunch whereby the beam spreads 
axially and spreads the pulse apart. Second, the beam 
also spreads radially. The radial spreading of the beam 
may be compensated for by inserting refocusing mag-
nets along the beam tube. However, axial spreading of 30 
the beam may not be compensated for. Thus, where it 
is important for the experiment to have minimal axial 
spreading of the beam pulse, it is desirable to effect the 
experiment as close to the accelerator as possible. Con-
versely, where axial spreading of the beam pulse is not 35 
particularly important, the experiments may be con-
ducted away from the accelerator using refocusing 
magnets to maintain minimal radial spreading of the 
beam pulse. Heretofore, to achieve these two condi-
tions, it has been necessary to disassemble the beam 40 
tubes and break the accelerator primary vacuum in 
order that one may change from a relatively close tar-
get to a target far away or, vice versa, to change from a 
target relatively far away from the accelerator to a tar-
get immediately adjacent the accelerator. 4 5 

It is therefore one object of the present invention to 
provide a beam transport for a particle accelerator, 
which beam transport permits the extraction of a parti-
cle beam from the accelerator either immediately ad-
jacent the accelerator or removed therefrom. 5 0 

It is another object of the present invention to pro-
vide an improved beam transport device for use in a 
particle accelerator. 

It is another object of the present invention to pro-
vide a beam transport device enabling extraction of the 
beam either immediately adjacent the accelerator or 
removed therefrom without interruption of the primary 
vacuum system of the accelerator. 

Other objects of the present invention will become 
more apparent as the detailed description proceeds. 

In general, the beam transport device for a particle 
beam traversing partially evacuated axially aligned spa-
tially disposed first and second sections of a beam tube 
comprises particle-beam-extraction-window means and 6 5 
a first hollow member internally sized to accept said 
particle beam and juxtaposed said beam-extraction-
window means. A deformable second hollow member 

is provided internally sized to accept said particle beam 
therethrough and at one end to accept said beam-ex-
traction-window means and the first hollow member in 
juxtaposed relationship. Means mount the said one end 
of the deformable second hollow member in sealed en-
gagement to the beam-extraction-window means and 
one end of the first hollow member and also mount the 
other end of said deformable second member in sealed 
engagement to the first section of the beam tube to pass 
said particle beam therethrough. A deformable third 
hollow member is provided internally sized to accept 
the particle beam and means mount one end of the 
deformable third hollow member in sealed engagement 
to the other end of the first hollow member and also 
mount the other end of the deformable third hollow 
member in sealed engagement to the second section of 
the beam tube to pass the particle beam therethrough. 
Motive means provide motion to the first hollow 
member and the beam-extraction-window means to 
permit alignment therebetween with the particle beam. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further understanding of the present invention may 
best be obtained from consideration of the accompany-
ing drawings wherein: 

FIG. 1 is a sectional view of an apparatus for the 
practice of the present invention. 

FIG. 2 is a section through the apparatus of FIG. 1 
along the lines 2—2; 

FIG. 3 is an enlarged section of FIG. 2 along lines 3— 
3; 

FIG. 4 is a view of the apparatus of FIG. 1 showing 
the apparatus in a different positional location than in 
FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIGS. 1 -4 show an apparatus for the practice of the 
present invention as applied to a particle accelerator 
beam 10 emerging from an accelerator via a beam tube 
12. For the practice of the present invention, the beam 
tube 12 is divided into two portions, the first beam tube 
portion 14 and a second beam tube portion 16. The 
beam transport device 17 of the present invention is in-
serted between these two portions 14 and 16 of beam 
tube 12. 

The beam transport apparatus 17 comprises a pair of 
bellows 18 and 20 whose ends are terminated in flanges 
22, 24, 26 and 28, respectively. A plate 30 having an 
aperture 32 therethrough sized to accept the end por-
tion 14 of beam tube 12 is mounted on the end portion 
15 of beam tube 12 and welded thereto to provide a 
seal therewith. Further, the plate 30 is.sized to engage 
the flange 24 of bellows 18 and a weld is effected 
therebetween to provide a seal between the bellows 
flange 24 and plate 30. Similarly, a plate 34 having an 
aperture 36 therethrough sized to accept the end por-
tion 16 of beam tube 12 is mounted on the end portion 
16 of beam tube 12 and a weld is effected therebetween 
to seal the plate 34 about the end portion 16 of beam 
tube 12. The plate 34 is sized to engage the flange 28 of 
bellows 20 and a weld is effected therebetween to pro-
vide a seal between the plate 34 and flange 28 of bel-
lows 20. 
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A plate 38, having two apertures 40 and 42 therein 
sized to accept a particle-beam-extraction window 44 
and a hollow beam tube 46 in juxtaposed relationship 
with respect to each other, is mounted so that it en-
gages the flange 22 of bellows 18. A butt weld is ef-
fected between the flange 22 of bellows 18 and the 
plate 38 to effect a seal therebetween. The beam tube 
46 is internally sized to accept the particle beam 10 and 
is disposed within the aperture 42 of plate 38. A weld is 
effected between the plate 38 and the beam tube 46 to 
form a seal therebetween. The window 44, as shown in 
FIG. 3, comprises a window frame 48 housing a foil 50 
which is transparent to the beam 10 but maintains the 
partial vacuum of the accelerator. The window frame is 
mounted to the plate 38 so as to effect with an O-ring 
seal 49 a sealable engagement therewith about aperture 
40. A plate 52 having an aperture therethrough posi-
tioned and sized to accept the beam tube 46 extending 
from plate 38 is sized to engage the flange 26 of bellows 
20. A butt weld is made between the flange 26 of bel-
lows 20 and the plate 52 to effect a seal therebetween. 
Similarly, a weld is made about the beam tube 46 and 
the plate 52 to effect a seal therebetween. 

A rigid U-frame member 56 is mounted to the plates 
52 and 38 and a motive device, such as an air cylinder 
58, is mechanically coupled to the U frame 56 to pro-
vide reciprocating motion normal to the axis of the 
beam 10. Thus, movement of the piston of the air 
cylinder 58 imparts reciprocating motion to the beam 
tube 46 and the window 44 to permit the positioning of 
the window 44 or the beam tube 46 in line with the axis 
of the beam 10. 

In operation, the air cylinder 58 is actuated to pro-
vide linear motion to the beam tube 46 and window 44 
normal to the axis of the beam 10. Depending upon 
whether extraction of the beam is desired immediately 
adjacent the accelerator or downstream from the ac-
celerator, the air cylinder 58 is actuated to move the 
window 44 or the beam tube 46 in line with the axis of 
the beam 10. 

FIG. 1 illustrates the air cylinder 58 actuated to align 
the window 44 with the beam 10 to permit extraction of 
the beam 10 immediately adjacent the accelerator. 

FIG. 4 illustrates the air cylinder 58 actuated to align 
the beam tube 46 with the beam 10 to permit the beam 
10 to progress downstream from the accelerator. 

It will be appreciated that these two conditions, 
namely extraction of the beam immediately adjacent 
the accelerator or transmission of the beam 
downstream from the accelerator, are accomplished 
using the structure of the present invention without 
disconnecting any beam tubes or affecting the primary 
partial vacuum of the accelerator. It will be further ap-
preciated that using the structure of the present inven-
tion the duty factor of experiments on an accelerator is 
markedly increased, since no lost time is effected in 
changing beam tubes or losing the vacuum. 

The structure of the present invention has been suc-
cessfully constructed and utilized on a linear accelera-
tor. It is not restricted to linear accelerators and may be 
used on other types of accelerators. With the linear ac-
celerator using a 3-inch diameter beam tube 12, the 
bellows 18 and 20 were each made of stainless steel and 
had an internal diameter of 6 inches and an unextended 
length of 6 inches. The beam tube 46 was of stainless 
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steel and had a length of 14 inches and an internal 
diameter of 3 inches to accommodate the beam 10. 
The window 44 had an effective window diameter of 
approximately two inches and utilized 1-mil double alu-

5 minum foils transparent to the beam 10. The plates 30, 
34, 38 and 52 were also of stainless steel. The 
aforedescribed sizes permitted a lateral radial motion 
of approximately 3 inches, permitting the alignment 
of the accelerator beam 10 either through the window 
44 or the hollow beam tube 46. It will be appreciated 
that the relative lengths of the bellows 18 and 20 and 
the beam tube 46 may be changed to permit greater 
lateral radial movement or greater area for experimen-

j j tal equipment between the bellows 18 and 20. 
Persons skilled in the art will, of course, readily adapt 

the teachings of the present invention to structure far 
different than those illustrated in the drawings and 
described above. Accordingly, the scope of protection 

2o afforded the present invention should be determined 
only in accordance with the appended claims. 

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as fol-
lows: 

25 1. A beam transport device for a particle beam 
traversing partially evacuated axially aligned spatially 
disposed first and second sections of a beam tube com-
prising particle-beam-extraction-window means, a first 
hollow member juxtaposed of said beam-extraction-

30 window means and internally sized to accept said parti-
cle beam, a deformable second hollow member inter-
nally sized to accept said particle beam therethrough 
and at one end to accept said beam-extraction-window 
means and first hollow member in juxtaposed relation-

3 5 ship, means for mounting the said one end of said 
deformable second hollow member in sealed engage-
ment to said beam-extraction-window means and one 
end of said first hollow member, means for mounting 
the other end of said deformable second member in 

40 
sealed engagement to said first section of said beam 
tube to pass said particle beam therethrough, a 
deformable third hollow member internally sized to ac-
cept said particle beam, means for mounting one end of 

45 said deformable third hollow member in sealed engage-
ment to the other end of said first hollow member, 
means for mounting the other end of said deformable 
third hollow member in sealed engagement to said 
second section of said beam tube to pass said particle 

50 beam therethrough, and means for providing motion to 
said first hollow member and said beam-extraction-
window means to permit respective alignment 
therebetween with said particle beam. 

2. The apparatus according to claim 1 wherein said 
5 5 deformable second member and said first hollow 

member and beam-extraction-window mounting means 
comprises a bellows internally sized to accept said first 
hollow member and said beam-extraction-window 
means in juxtaposed coextensive relationship from one 

6 0 end thereof, and a plate sealably disposed about each 
of said first hollow member and beam-extraction-win-
dow means and sealably mounted to said one end of 
said bellows. 

6 5 3. The apparatus according to claim 1 wherein said 
deformable third hollow member comprises a bellows 
internally sized to accept said particle beam 
therethrough. 
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4. The apparatus according to claim 1 wherein said 

motion means comprise motive means reciprocativally 
operable substantially normal to the axis of said parti-
cle beam and coupling means connecting said motive 
means to impart reciprocal motion to said first hollow 5 
member and said beam-extraction-window means to 
permit the respective alignment thereof with said parti-
cle beam. 

5. The apparatus according to claim 1 wherein said 
deformable second and third hollow members and said 10 
sealing means therefor comprise a first bellows inter-
nally sized to accept said first hollow member and said 
beam-extraction-window means, a first plate sealably 
mounted about said first portion of said beam tube and 
to one end of said first bellows, a second plate sealably 15 
mounted about one end of said first hollow member 
and said beam-extraction-window means and to the 
other end of said first bellows, said first hollow member 
and said beam-extraction-window means being jux-

taposed and coextensive from said second plate, a 
second bellows internally sized to accept said particle 
beam, a third plate sealably mounted about said first 
hollow member and to one end of said second bellows, 
and a fourth plate sealably mounted about said second 
section of said beam tube and to the other end of said 
second bellows. 

6. The apparatus according to claim 5 wherein said 
first hollow member and beam-extraction-window 
moving means comprise motive means disposed to pro-
vide reciprocative motion essentially normal to the axis 
of said particle beam, and means connected between 
said motive means and said second and third plates to 
translate said reciprocative motion to said first hollow 
member and said beam-extraction-window means and 
effect respective alignment thereof with said particle 
beam. 

* * * * * 
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