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Injection into the proposed 10 Bev FFAG accelerator requires transport 

of the 200 Mev linac beam to the inside of the FFAG ring. This is because 

low energy orbits are at the inner circumference of this machine. The 

linear accelerator will be located 12 feet above the median plane of the 

main machine. The achromatic system needed to transport the linac output 

beam to the FFAG machine injection location will be considered here. 

Fig. 1 shows the layout of the proposed system. Inside the magnet ring, 

the beam is brought down 12 feet into the FFAG median plane. Injection into 

an acceptable orbit is completed by a septum magnet in the main vacuum chamber. 

It is essential that the beam transport system provides reasonable 

achromatic translation and acceptable focusing in both transverse directions, 

with practical tolerances on the parameters of the beam optical elements. 

A Fortran program has been written for the 704 computer to evaluate 

possible beam transport systems. This program is described in MURA Internal 

Report 645. Ease of computer input and ease of interpretation of computer 

output have been stressed. The present program essentially does matrix 

multiplication, although it may readily be extended to other analytic trans-

formations. The flexibility and high speed of the operation give a powerful 

means of studying transport systems, since it is possible to quickly evaluate 

many systems and select the best one. Typical computer data are given in 

* Report of work done by M. Shea and D.A. Swenson 
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Fig. 2, showing input values such as momentum spread, transverse phase space 

coordinates, etc. and results. The resultant phase space coordinates for a 

certain number of particles are plotted for both degrees of freedom in the 

form of asterisk graphs, also shown in Fig. 2. 

Initially, a beam transport system given by Panofsky (Rev. Sci. Instr. 12, 

p.2S7, 1954) was investigated. This consists of two bending magnets and 

three quadrupole magnets in a symmetric arrangement. In one plane, say the 

X plane, the bending magnets provide translation and the quadrupole magnets, 

focusing in this plane, achromaticity. Wedge angles are used on the bending 

magnets to compensate for the fact that the quadrupole magnets are defocusing 

in the Y plane. With this system it seems possible to achieve: 

(:.) (:) transforming into (x)' = ( 1) and in the Y plane, 
\ x' 0 

(
Y)_fl) 
y' - \ 0 

transforming into ( YY') -- ( -0
1
) 

Translation through this system results in acceptable (x,x') phase space 

ellipses, but the resultant (y,y') phase space ellipses are severely elongated. 

The reason for this elongation is that in the above approximation the particles 

represented in the (y,y') phase space area have effectively undergone an 

infinite drift length. It has been found that this long effective drift 

length can be considerably shortened by the introduction of two more symmetri-

cally located quadrupole magnets, defocusing in the X plane. The other 

requirements are still met by this system. Thus, the proposed system is, 

considering the X plane: 

bend - focus - defocus - focus - defocus - focus - bend. 

Phase space ellipses referring to the exit of each component of the 

proposed system, for an incident parallel beam, are shown in Fig. 3. Similar 
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results for the (x,x') phase space for momentum deviations 6P/P = ± 0.005 

are given in Fig. 4 and Fig. 5. The resultant phase space ellipses are quite 

acceptable. 

reduce 6p/p 

Actually, for the 10 Bev FFAG accelerator it is intended to 

0.5% by a factor of 5 by means of a debuncher. This would 

reduce the effect shown in Fig. 5 by the same factor. 

Considering the effective drift length for particles represented in the 

(y,y') phase space area, this has been calculated and the results are shown 

in Fig. 6. Here the effective drift length is plotted as a function of the 

ratio of the quadrupole magnet lens strengths of the elements indicated and 

for different length parameters. The results indicate the possibility of 

obtaining an effective drift length of zero value. The circled point in 

Fig. 6 refers to the parameters chosen for the beam transport system for the 

proposed FFAG accelerator. 

Discussion 

J.P. Blewett (BNL): It seems that a large aperture is needed in the 

x direction. 

D.A. Swenson (MURA): A larger aperture is only necessary in the center 

quadrupole magnet; even there the radius is only 3 cm. 

S. Ohnuma (Yale): Was this system designed for a particular phase space 

ellipse for the output of the 1inac? 

D.A. Swenson (MURA): This was not necessary in a first approach, because 

of the rather short effective drift length. 

J.P. Blewett (BNL): I cannot resist asking what would happen if a hole was 

bored in the back leg of the magnet to bring the beam inside on the median 

plane. 

D.A. Swenson (MURA): It could be done, I suppose, but this would involve some 

complications. 
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