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Introduction

A recent proposall has been made for a beam splitter to divide the
extracted proton beam of the AGS between target stations B and C in the
Fast Experimental Building Addition. The proposed splitting system con-
sists of three elements: an electrostatic septum, a water-cooled septum
and a liquid helium-cooled superconducting beam splitter magnet. The
design of this splitter is very compact; the overall length of the system
is 652" and the distance between the two front elements and the super-
conducting magnet is 406'". Because of this relatively short distance,
the current density needed in the septum of the third magnet is much
greater than that obtainable from water-cooled copper; therefore a super-
conducting magnet is required. Operation of an exotic component in a
high radiation area has certain obvious disadvantages. Since there is a
lot of space available in the R pipe, it might be better to make a longer
splitter system so that the separation between the two beams will permit
the use of a water cooled copper magnet. This solution would still require
the design and development of a special component since none of the bending
magnets presently available at the AGS would be suitable for this job. The
purpose of this paper is to explore a third solution: use of two standard
8Q48 magnets, horizontally defocussing, as the final element in the splitter
system. With proper beam design these magnets can be used to amplify the
split giving an angular divergence equal to that introduced by the super-
conducting magnet, + 19 mrad. A further advantage of the quadrupole tech-
nique is that no material is placed in the beam. In event of failure of
the front two elements, the beam would pass cleanly through the 8" quadru-

poles and could be stopped well downstream. This is a safer way Lo dispose
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of the beam than the shield block upstream of the superconducting septum
proposed in Reference 1. The use of quadrupole-amplified splitting requires,
however, very careful adjustment of the beam transport. It will be the
purpose of this paper to investigate the proper optical design of such a

beam for the specific case of the split between target stations B and C.

General Requirements for Quadrupole Splitting

The basic idea behind using a combination of a septum and a horizontally
defocussing quadrupole to split a beam is illustrated in Figure 1A. The
beam is assumed to be parallel in the septum magnet; the beam might also
be slightly diverging. Magnet Q1, immediately downstream of the septum,
focusses the horizontal rays to the center of Ql; thus magnet Q2, in the
thin lens approxgimation has no effect on the horizontal beam if the splitter
is turned off. With the splitter turned on, as shown in Figure 1, magnet
Q2 amplifies the split but does not blow up the beam. Since the original
split introduced by the septum is assumed to be small, magnet Q2 must be

run at a high gradient, and Ql must have a long focal length.

Figure 1A is an idealized picture with thin lenses and a point source.
The real beam has thick lenses and an extended source; the characteristics
of the beam in the x,x’ plane can be described by an ellipse

: 2
(1) TR L

The requirement for clean separation is illustréted in Figures 1B and 1C,
namely that the separation of the two halves of the ellipse be large com-
pared with the vertical thickness Ax. The amount of separation, Sé, is
determined by the available strength of the splitting magnets; for a given

S, ¢ the beam transport must be chosen so that at the entrance to the splitter

(2) e’ =2 Je]B << Sx

Since € cannot be altered by beam transport, the requirement of equation (2)
is satisfied by making the B large at the entrance to the splitter. The
losses on a septum of width & depend on the ratio 6/Xmax' The requirement

for small losses is that this ratio be << 1, that is
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(3) b << % = 2/ep

max

Thus, the requirements of both equations (2) and (3) are satisfied by large
B; however in design of the optics the size of the beam, R o must not be
allowed to exceed the size of the available pipe.

Because the splitting quadrupole, Q2 in Figure 1A, is run at much
stronger gradient then the rest of the beam, careful consideration has to
be given to the shape of the phase ellipse as it enters the splitter quad-
rupole, Q2, so that the beam will not be blown up by this diverging magnet.

The matrix of a diverging quadrupole may be written in the form

b h inh
En e Sk S

The divergence of the beam emerging from this quadrupole is /yze where Y9 is

obtained from the parameters of the ellipse entering the quadrupole YI’BI

(2)

and oy by the relation

L 2
(5) "Y2—C 51-2cdxl+d Y1

Substituting 4 into 5 and using the relation By - o =1

(6) Yy = 1/ [ sinh @ 3 L

. % sinh o -
Vi 1 5 cosh ¢=. == ] }

Yq p

The quantities @ and p are determined by the field strength required to split
the beam and the effective length of the splitter quadrupole Q2, the quantity
Yq is determined by the requirement that magnet Ql have a long enough focal
length so that the images are well separated entering Q2. This leaves then

. as the adjustable parameter; the proper choice of field strength in Q1

1

will result in a @y such that the term in square brackets is equal to zero.

The adjustment in practice is quite sensitive, but with a proper o5 the beam

can go through a very strong diverging magnet without being blown up.
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Optical Design

A layout of the proposed splitter system is shown in Figure 2. The beam
transport elements are the same, 8Q16 magnets as those presently in use in
the R channel, 8Q1l6s, with the exception of magnets QQl and QQ2 which are the
splitter quadrupoles. Some views of horizontal phase ellipses are shown in
Figures 3A through 3F, for various points in the system. This ellipse is

(3). The beam

the l/e2 contour (with no target at GL0) as measured in 1969
enters the splitter system horizontally diverging as shown in Figure 3A.

After passing through the two splitter magnets, Figure 3B, the beam is brought
to a horizontal focus by magnet RQ5. Figure 3D shows the two phase ellipses
separated by about 2" at the entrance to the splitter quadrupole. The beam

is almost, but not quite focussed at this point; the requirements for focus
were discussed above. Figure 3E shows the two halves after giving through

the first splitter quadrupole; Figure 3F shows the beam after the second
quadrupole. Figure 4 shows the same rays but with the splitter turned off.

It can be seen that both the horizontal and vertical divergence are reason-

able, in fact the beam can drift the rest of the way to the 3Q36 magnets that are

used to make the target focus, without any other beam transport elements.
Conclusions

This paper has attempted to show that a split between target station B
and C would be possible using 8Q48 magnets in place of a superconducting
septum magnet. 8Q48 magnets use power; they are not in plentiful supply;
it may be argued that it is going to be necessary to go to superconducting
magnets at the AGS socner or later, and the split between target stations
B and C is a reasonable place to start. The author feels, however, that
the use of superconducting beam transport elements should be reserved for
locations where.their unique high current density is essential. One such
location, of immediate interest, is the forthcoming split between the R and
S lines; here the short distance available precludes the use of a quadrupole
splitter. This gplit is going to be wvital to our experimental program at
the AGS; therefore it would be desireable to direct our superconducting
magnet development program towards f£illing the needs of this split (a
superconducting magnet of approximately twice the bending power of the
magnet proposed in Reference 1 is required). But for the split between
target stations B and C, it appears that a quadrupole splitter would be the

easiest and most reliable solution.
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