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ABSTRACT 

Expressions are obtained for the beat factors of an 

accelerator with a general magnetic field. Results are also 

given for the particular case of the scaling FFAG accelerator. 
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In this� report~ results are obtained for the beat factors of an 

accelerator having a general magnetic field. In an accelerator ~ wherethe 

median� plane field has the period 2 1T I N in e ~ the betatron oscillation has 

the form 

(1. 1) 

A (e) and 'f (e) have the period 2 7TI N. For some values of e ~ A (e) will have 

its maximum and minimum values. A The beat factor. B ~ max and Amin. 

is defined by 

(1. 2) 

We will� assume that the magnetic field in the median plane is given by 

We will neglect the effect of the higher harmonics~ and we will make the same 

assumptions about the magnetic field as was assumed in MURA-397 ~ 451. 

1.� Summary of Results 

The radial beat factor B~ is given by 

I + '1 1t� (1. 4)LeI� J 
AI" -� 4 ))lI"~ 

~ /. W· 7t
el'� t:. (if> 1+,' + -t H, ') + ~ ... ~ I 3 (1. 5) 

, ~ II� ::: 
Pc.. 

where H\ and ~. are evaluated at r = R~ the average radius of equilibrium 

orbit and f the momentum is related to R by 

'f':� ;.~ ~ ~+. + {I+: +*. (~ H,' H, +t: H,·)1v.. 5(1. 6) 
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The vertical beat factor B. is given by
io 

I tl J=J+ (1.7) 

(1. 8)I f, 1� = 
For a� scaling FFAG accelerator, whose medium plane field is given by 

(1. 9) 

Bv-- -= '+ 

The two-way machine is included in the last results by simply putting he>::: o. 

2.� Derivation of Beat Factors 

The derivation will use the results found in MURA-397, 451 and which 

are summarized in MURA-454. 

The Flo quet solution of the linear radial equation is given by (see 

MURA-454) 

(2.1a)I 
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where dI and e: I) are given in MURA-454. We have dropped the second-
harmonic term ;}. ... given there although this may be appreciable for a 

small two-way FFAG accelerator. 

The linear radial motion is thus given by 

c. c. (2.2) 

which can be written as 

(2.3),fA =. ,4/&) UQ ())y e- ~/6')) I 

where 

- (2.4)-
The beat factor is then given by 

I ~Y'Y\~)( I 
- (2. 5) -

l~ ~ i V1 , 

The maximum values of~( e) will occur when all the terms are positive 

and the minimum value when they are all negative. Thus 

....!.lJ- -+ t ~- d 
+ IN+V.,.)....-e ~ (N - v.,.)'t._ e Q (2.6) 

I - -ill' ,'~ -II' ----­
(AI-+- 'V~').. - E() {N-lI.,..)S' - E IJ 

This result for 8\o-can be simplified in some cases. In particular if 

we assume that '\I.,. is not near N/~, then we can put (IV±}{..)~-Fo =N(~i ~). 

If we further assume that 

'~I) ~"'-f (2.7) 

N(N-~V.,... 
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then we can write 

I-r- '-I J~IJ 
-~-_._- -. - ) 

(2. 8a)tV ~ - '-I )/1""" 

er<--- (2.8b) 
r~ 

Eq. (2.8) is perhaps the most useful result. being simple. 

The beat factor for the vertical motion~ f3 • is also given by Eq. (2. 6) 
i-

or Eq. (2.8) if one replaces ~ I • E., • Y"" by ~ • F~ I ~ ~ respectively. 

The result corresponding to Eq. (2.8) becomes 

4 I fl I+ . (2.9a) 
J 

\~ I - e r<-
f~ (2.9b) 
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