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U n i v e r s i t y  of I l l i n o i s  and MURA** 

The sca l loped  motion i n  Idark V FFAG l i e s  i n  t h e  median plane 

and enhances t h e  a x i a l  focus ing .  I n  t h e  fo l lowing  t h e  e f f e c t  of  a 

s c a l l o p e d  motion i n  t h e  a x i a l  d i r e c t i o n  on t h e  f o c u s s i n g  p r o p e r t i e s  

i s  d i scussed .  

The magnetic f i e l d  i n  t h e  median p lane  of t h i s  type  i s  g iven  

by 

The f i e l d  and i t s  v e c t o r  p o t e n t i a l  nea r  t h e  median p lane  can 

be expanded i n  power s e r i e s  of z ,  

I 
B r ; Z C  

Be= 2 i3s'zz'  

a, = 5 a,: 2.' 
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r 4, The f i e l d  which g ives  B,,= B,(K) i n  t h e  median p lane  i s  w e l l  

known and we can g e t  t h e  whole f i e l d  by superposing two f i e l d s  which 
( 1 )  ( 1 )  I le 4% (0) a r e  B=o= 0 , B, = %$(rJ L ( 7 - MO ) and %a = Ro@ 9 

k h 

= 0 r e s p e c t i v e l y .  

By choosing t h e  c o n d i t i o n s  f o r  xL')  a s  

& 2' l1Z- (1)- I 0  - - u , Am-o A s .  - 0 
/ (4) 

p 
t h e  f i e l d  i s  g iven  by 

&"! = - A 8 /  11 ) - 3Aa3 (1) 3 .t 

The c o e f f i c i e n t s  of t h e  v e c t o r  p o t e n t i a l s  a r e  determined by t h e  

Maxwell c o n d i t i o n  and (4). 
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These vec to r  p o t e n t i a l s  a r e  expanded about t h e  r e f e r e n c e  c i r c l e  

re r, by p u t t i n g  

r = 5 [ I + Y )  z = c$ 

e 2 ( ~ L ~ d r ~ a - t ;  h t J a ) + ,  

23 b 
+ 7 /(*+ L (k-21)&da T (h-2) %---I w - ! I 

On t h e  o t h e r  hand, t h e  v e c t o r  p o t e n t i a l s  of  t h e  momentum compac- 

t i o n  f i e l d  ~ ( ' ' a r e  ob ta ined  simply by p u t t i n g  f= 0 i n  t h e  o rd ina ry  

f i e l d .  From L a s l e t t ' s  exp res s ion  of t h e  v e c t o r  p o t e n t i a l s ,  we g e t  

2 kl kt I)$ - 
6 2 9 

(0 ) A',"'= ,qz = 0 

F i n a l l y  t h e  superposed v e c t o r  p o t e n t i a l s  a r e  
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where 
c;= -/ c2= - ( k +  ,) - c3 - - @ ( r e + / )  , G =-f't+/)k (k-,) 

fnl L* =-- 
I ( (bl@'"'-/j+~)kd~ + J w ~ ~ N - I ~ ~ . + , ) + ~ - ~  )-&I 

The Lagrangian which determines  t h e  t r a j e c t o r i e s  of t h e  p a r t i c l e s  

i s  given by M U E A  L J L - S ]  
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The above Lagrangian c o n t a i n s  a  term J l y  r e p r e s e n t i n g  t h e  

fo rced  motion i n  t h e  y - d i r e c t i o n ;  fo rced  motion i n  t h e  x - d i r e c t i o n  

i s  e x c i t e d  by t h i s  y-forced-motion through t h e  xy (J1 J2) term. 

By p u t t i n g  

we can s e p e r a t e  t h e  fo rced  motion 

K ' s  and M's a r e  determined by comparing t h e  c o e f f i c i e n t s  of  

t h e  F o u r i e r  components of  NB i n  t h e  e q u a t i o n  of motion and t h e y  

a r e  ap o r  oximately  

- f - 4 

The l i n e a r  p a r t s  of  t h e  homogeneous equa t ions  can be w r i t t e n  

as f o l l o w s ,  by us ing  79% k, ewe and XJ' = H, 
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Very rough approximations t o  (13) a r e  

Using t h e  smooth approximation,  we ge t  a rough e s t i m a t e  o f y ' s ,  

i . e .  t h e  number of b e t a t r o n  o s c i l l a t i o n s p e r  t u r n .  

Q2 - k + /  

These a r e  t h e  same r e s u l t s  a s  i n  t h e  o r d i n a r y  Mark V and sca l loped  

motion i n  t h e  a x i a l  d i r e c t i o n  s t i l l  f a v o r s  t h e  focus ing  i n  t h e  a x i a l  

d i r e c t i o n .  The on ly  advantage of t h i s  t ype  i s  t h e  sma l l e r  circum- 

f e r e n c e  f a c t o r  bacause of t h e  pe rpend icu la r  adding of t h e  f l u t t e r  

f i e l d .  


