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ABSTRACT OF THE DISCLOSURE 
This invention is a magnet particularly designed for ex 

tracting a charged particle beam from the beam orbit of 
a high energy particle accelerator such as a synchrotron. 
A long channel formed from a magnetic material has a 
longitudinal septum portion disposed immediately adja 
cent the beam orbit of the accelerator. A magnetic field 
is produced in the channel transverse to the septum. 
Beam particles directed into the channel across the thin 
septum are removed from the accelerator beam orbit 
and directed at external targets. 

This invention relates generally to apparatus for ac 
celerating charged particles to high energy in a closed orbit 
and more particularly to means for extracting accelerated 
particles from the closed orbit of a particle accelerator. 
The invention described herein was made in the course of, 
or under, Contract W-7405-eng-48 with the Atomic En 
ergy Commission. 

In a charged particle accelerator such as a synchrotron, 
particles are circulated for many cycles around a closed 
orbit, additional energy being imparted to the particles 
in the beam over successive transits of the orbit. After 
the desired energy has been attained, the charged par 
ticles are typically utilized to bombard a target. While it 
is possible to rapidly insert a target into the path of the 
particle beam in an accelerator, it is frequently desirable 
that the charged particle beam be extracted out of the 
synchrotron orbit so that the bombardment of the target 
may be accomplished at a place remote from the accelera 
tor where there is more room for the large amount of ap 
paratus associated with a target. Also, the extracted par 
ticle beam can be alternately shifted to various target 
areas so that one target can be prepared while another is 
being bombarded. Owing to these and many other advan 
tages of beam extraction, nearly all large accelerators 
utilize extracted beams. 
The present invention is a new type of beam extractor 

specifically designed for use with a proton accelerating 
synchrotron having very high energy but is also suitable 
for use with other types of accelerators. The usual beam 
extractor for high energy particles utilizes a channel into 
which a portion of the beam passes. A magnetic field is 
provided within the channel to deflect the beam away 
from the accelerator orbit and into steering magnets for 
directing the beam toward external targets. Ideally, the 
magnetic field in the channel will be strictly confined to 
the channel and will not deflect any of the beam particles 
in the adjacent synchrotron orbit. Such a channel is gen 
erally, although not necessarily, disposed at the outer side 
of the beam orbit, the radius of the beam being enlarged 
when the beam is to be extracted so that the beam passes 
into the channel. In a high energy accelerator the beam 
radius can only be enlarged by a small increment for each 
transit around the accelerator. Thus the wall of the chan 
nel nearest the beam orbit, termed the septum, must be 
as thin as possible to avoid intercepting any Substantial 
portion of the particles. In the usual beam extractor, the 
septum wall is a current conductor which produces a mag 
netic field within the channel to deflect the beam away 
from the accelerator beam orbit. Unfortunately, the Sep 
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2 
tum wall must have substantial thickness in order to con 
duct the necessary current without excessive heating but 
the leading edge of such septum then intercepts an ex 
cessive proportion of the beam particles, which causes 
further heating problems in the septum and, of course, 
the magnitude of the extracted beam is greatly reduced. 
Furthermore, beam particles striking the septum cause a 
high radioactivity level, both at the septum and for a con 
siderable distance along the beam orbit. 
The present invention avoids many of the above de 

Scribed problems. Instead of deflecting the beam in the 
channel outwardly from the synchrotron, in the present 
invention the beam is deflected transverse to the orbital 
plane, that is, if the synchrotron orbit lies in a horizontal 
plane, then the present invention deflects the beam verti 
cally either upward or downward. By utilizing such de 
flection system, it is not necessary for the septum to carry 
current, thus the septum can be made very thin, and a 
relatively small portion of the beam particles strike the 
Septum edge. 

It is an object of the present invention to provide a 
means for extracting a particle beam from an accelerator 
in which the beam is separated from the plane of the 
beam orbit as well as being diverged therefrom. 

It is an object of the present invention to improve ef 
ficiency of the beam extraction system of a charged par 
ticle accelerator and reduce induced radioactivity incident 
to beam extraction. 

It is another object of the present invention to reduce 
the degree of cooling required in the septum wall of a 
beam extracting channel. 

It is another object of the present invention to provide 
a septum wall for an accelerator beam extractor of great 
ly reduced thickness as compared to septum walls in pre 
vious beam extractors. 

It is another object of the present invention to provide 
a particle accelerator beam extractor in which it is unneces 
sary for the septum wall to conduct current. 
The invention, together with further objects and advan 

tages thereof will be best understood by reference to the 
accompanying drawing in which: 
FIGURE 1 is a schematic view of a portion of a syn 

chrotron utilizing the present invention, 
FIGURE 2 is a perspective view of a septum magnet 

indicated schematically in FIGURE 1, and 
FIGURE 3 is a cross-sectional view of the septum mag 

net taken at line 3-3 in FIGURE 2, 
Referring now to FIGURE 1, there is shown a seg 

ment 11 of a conventional synchrotron having an annular 
orbit 12 for an ion beam 9. In FIGURE 1, the vacuum 
system, magnet physical support structure, radio frequency 
system, and shielding, for which suitable structure is Well 
known in the art, are not shown so that the positioning 
of the various components of the present invention may 
be more clearly indicated. The beam 9 circulates around 
the synchrotron 11 in a clockwise direction, passing 
through a plurality of beam guiding magnets 13 which 
hold the beam in the annular orbit 12. The magnets 13 
are disposed in alternate focussing and defocussing pairs 
to provide alternating gradient focussing. When the ion 
beam 9 is to be extracted, a perturbation magnet 14 is 
activated, causing the beam to be shifted inwardly from 
the normal orbital path and all or a portion of the beam 
enters a first septum magnet 16. Such beam portion is 
further deflected away from the normal beam orbit by the 
first septum magnet 16. The beam 9 subsequently passes 
through a second septum magnet 17 where it is still fur 
ther deflected and is finally guided away from the synchro 
tron by final extraction septum magnets 18, the beam be 
ing directed along an external beam path 19 for bombard 
ment of various targets. 
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The general structure of the first septum magnet 16 
is shown in FIGURE 2 while certain details and the in 
ternal structure thereof are shown in FIGURE 3. Re 
ferring now to FIGURE 2 in particuluar, there is shown 
a portion of a long vacuum tube 21 which encloses the 
normal beam orbit 12 around the synchrotron, the gen 
eral shape of the beam 9 being indicated by dashed lines. 
The septum magnet 16 is structurally supported by and 
affixed to a cylindrical strongback 22 to which mounting 
brackets 23 are bolted to support the magnet. 
A U-shaped magnet core 3 of high magnetic perime 

ability is shown in FIGURE 3, two pairs 32 and 33 of 
liquid-cooled electrical conductors being disposed adjacent 
the inside of each of the legs of the core, leaving a beam 
deflecting space 34 between the conductor pairs. A septum 
element 36 is disposed across the legs of the U-magnet 
core 31, in cross-section the septum core being thick 
adjacent the legs at the core and tapering towards the 
region midway therebetween to form a thin central septum 
37. Preferably the septum core 36 is made of pure iron 
to avoid the changes in crystalline structure which could 
occur in alloys if the septum were overheated by the 
beam 9. Cooling fluids are circulated through tubes af 
fixed to upper and lower surfaces of the U-core 31 and 
septum element 36. 

In operation, current from a direct current power Sup 
ply 30 is passed in one direction through conductor pair 
33 and in the opposite direction through conductor pair 
32, creating a magnetic field directed substantially across 
the space 34 from the thin septum 37 to the core 31. 
Essentially all the magnetic field is confined within mag 
net 16. When the beam 9 is caused to enter the region 
inside the thin septum 37 into space 34, the beam particles 
are deflected downward toward the lower conductor pair 
32, that is, transverse to the plane in which the synchro 
tron beam orbit lies. The septum 37 may typically have 
a thickness in the order of 0.4 millimeter, thus only a 
smail portion of the beam 9, which typically has a width 
of one centimeter, is intercepted even if the center of 
the beam should strike the Septum. 
The beam 9 or the intercepted portion thereof is 

passed along the entire length of the magnet 16, emerging 
substantially below the plane of the beam orbit 12. As 
shown in FIGURE 1, the deflected beam is then follow 
ing a path below and essentially parallel to the beam 
orbit 12. Thus it will usually be necessary to again de 
flect the beam in the second septum magnet 17, directing 
the beam under and radially outwardly from the orbit 
12, the beam being extracted by final extraction magnets 
18 into the external beam path 19. It is, of course, op 
tional whether the beam is deflected over or under the 
orbit 12 this being determined by the direction of the 
magnetic field in space 34. In some instances it may be 
desirable to retract the magnet 14 from the orbit 12 dur 
ing the beam acceleration period. The magnet 16 is then 
rapidly advanced toward the beam orbit 12 prior to 
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4. 
beam extraction, suitable mechanisms for this purpose 
being known to the art. 
While the invention has been disclosed with respect to 

a particular embodiment, it will be apparent to those 
skilled in the art that numerous variations and modifica 
tions may be made within the spirit and scope of the 
invention and it is not intended to limit the invention 
except as defined in the following claims. 
What is claimed is: 
1. In a septum magnet for deflecting a beam of charged 

particles from the beam orbit of an accelerator, the com 
bination comprising means forming a channel having a 
longitudinal beam passageway therethrough, said chan 
nel being made of a material of high magnetic perme 
ability, said channel having a thin septum wall section ad 
jacent said beam orbit and disposed transversely with 
respect to the plane of said orbit, and means providing 
a magnetic field within said channel which is transverse 
to said septum whereby said beam particles in said chan 
nel are deflected transversely with respect to said plane. 

2. A septum magnet as described in claim i, wherein 
Said means providing a magnetic field is comprised of at 
least a pair of electrical conductors disposed within said 
channel on opposite sides of said passageway. 

3. In a septum magnet for a charged particle acceler 
ator beam extraction system, the combination compris 
ing a hollow channel of magnetic material having a gen 
erally rectangular cross-sectional configuration with first, 
Second, third and fourth sides, said channel having a thin 
longitudinal Septum portion along the center of said first 
side of said channel, first and second current conductors 
disposed within said channel adjacent said second and 
fourth facing sides of said channel respectively, said first 
and Second conductors being disposed adjacent said first 
wall on each side of said septum. 

4. In a septum magnet for a charged particle acceler 
ator bean extractor, the combination comprising a chan 
nel formed of material of high magnetic permeability and 
having a first wall therein for disposition adjacent the 
beam orbit of said accelerator, said first wall having a 
thin Septum portion along the center thereof, said first 
wall being of increased thickness on each side of said 
Septum portion, at least a pair of current conductors dis 
posed adjacent said thickportions of said wall on opposite 
sides of said septum portion and extending along said 
wall within said channel. 

5. A septum magnet as described in claim 4, wherein 
said magnetic material in said first wall is essentially pure 
O 
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