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ABSTRACT 

Computer studies have been ma.de of rf acceleration in the presence 

of equal accelerating volta~es at frequencies resonant with energies equally 

spaced above and belOw the synchronous energy. It is concluded that the 

acceleriiLting bucket areai(l not significantly affected if the frequency spac

ing is such that Ay ~ 4, but that for Ay <: 4, the bucket area falls 

rapidly toward zero. (Ay :-: [(21!h ldf/df,I>!(fv>] 1 
12 AE.) 
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MURA-606 

In the design of multiple-frequency acceleration systems like that of 

Robinson and generalizations thereof (MURA-475, MURA- 558), it is impor

tant to know how closely spaced the frequency modulated accelerating buckets 

may be without interference with one another. Preliminary studies by G. 

Bronca (MURA-558) indicated that the spacing bE between centers of 

successive buckets may be as small as Ay 1"V5, where 

1 
z rrhi df 11 /2- (1)AY == '. - 6 E .[ fV dE 

For comparison, the maximum half-height of a frequency modulated bucket 

is, in y-units, approximatelYY1 =; Z - sin rps' (See MURA-106, Figs. 12, 

1~.) Thus at A y =4, the bucket boundaries would touch for a low rate of 

frequency modulation «({)s .(.( '(C/2). 

In order to check il1is point more carefully, computations of particle 

trajectories in E, rp ... space were carried out at two values of r =sin Cfs' 

and for various separations Ay . A central rf voltage was frequency 

modulated to accelerate particles, while two equal neighboring rf voltages 

were likewise frequency modulated so as to remain synchronous at energies 

+ 6y above and below the central bucket. Particles were started initially 

at points on a rectangular mesh in E, f ... space covering the central bucket. 

By noting which particles were accelerated to the final energy, it was possible 

to map out the area corresponding to stable acceleration. The final energy 

was about 14 y-units above the initial energy for r = O. 7, and 8 y-units 

for r =0.4. The acceleration process lasted for about two phase oscillations. 



MURA-606 

For purposes of convenience in computation and interpretation of results., the 

actual computations were carried out using constant frequency rf voltages, 

with a constant negative energy kick each turn, so that a particle not trapped 

in a bucket steadily loses energy. It is easy to show that this process is equiv

alent to one in which particles are accelerated by modulating the frequencies. 

The results are shown in Fig. 1, where we plot the area ratio A/Ao vs. 

the bucket separation b. y. The area A is the area accelerated in the presence 

of the perturbing rf frequencies, and A o is the unperturbed bucket area. 

Values are plotted for r = 0.4 and r = O. 70 The points labelled "coarse 

mesh" correspond to a mesh size such that A ::: 36 mesh units for r = 0.4,o 

and A =46 mesh units for r::: O. 7. For r::: O. 7, the perturbing voltages
o 

actually seem to increase the bucket area slightly for large separation A y . 

In order to determine whether this was an error due to the coarse mesh, a 

fine mesh with A ::: 185 mesh units was also used. It is seen that the resultso 

are essentially unaffected by the coarseness of the mesh, Although in the 

case r::: 0.4, some particles, corresponding to roughly 1/2. A were accelo 

erated even down to 6. y ::: 1, the shape of the accelerated area becomes 

extremely irregular, and even disconnected at ~ y ~ 3. and it is not dear 

that even these particles would not have been lost had the acceleration process 

continued longer. 

We conclude that it is safe to space buckets down to perhaps 6 y ::: 4, 

but that at smaller spacings the perturbations result in a serious loss of 

phase area. 

3 



FIG. 1. Stable Area vs. Bucket Separation 

A = Stable a.rea with bue ketseparation ~ y 

Ao = Stable area without perturbing buckets 

X r = 0.7 coa.rse mesh 

+ r =. 0 .. 7 fine mesh 

o. r = 0.4 coarse mesh 
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