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OhkawaL has  sugges ted  a  geometry f o r  i n t e r s e c t i n g  beams 

i n  which p a r t i c l e s  of t h e  same. charge  t r a v e l  i n  o p p o s i t e  d i r e c t i o n s  

i n  a  s i n g l e  a c c e l e r a t o r .  Th i s  i s  achieved w i t h  f i e l d s  which r e v e r s e  

p e r i o d i c a l l y  w i t h  azimuth around a  c i r c l e  and which i n c r e a s e  r a d i a l l y .  

S i n c e  t h e  amounts of i r o n ,  copper ,  power, R.F., e t c . ,  r e q u i r e d  

m i n  t h i s  ca se  a r e  c h a r a c t e r i s t i c  of one machine o n l y  i n s t e a d  of 

two, and s i n c e  s t a c k e d  beams would i n t e r s e c t  2N (where N i s  t h e  

number of s e c t o r s )  t imes  around t h e  machine i n s t e a d  of a t  on ly  one 

p o i n t ,  i t  was thought  worthwhile t o  look i n t o  some p o s s i b l e  de s ign  

paramete rs  t o  de te rmine  t o  what e x t e n t  such a  machine would be 

f e a s i b l e .  

* A s s i s t e d  by t h e  N a t i o n a l  Sc i ence  Foundat ion,  ONR, and AEC. 
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GEOMETRY 

The f i r s t  geomet r ies  cons idered  were e s s e n t i a l l y  of 

t h e  Mark I a  t y p e ,  where r a d i a l  s e c t o r  magnets of equa l  

l e n g t h  and of equa l  but  o p p o s i t e  f i e l d  were used.  With 

f i e l d s  cons tan t  w i t h i n  magnets a long  a r c s  of c i r c l e s  

from t h e  machine c e n t e r  and va ry ing  as rk w i t h  r a d i u s ,  

p a r t i c l e  e q u i l i b r i u m  o r b i t s  w i t h i n  magnets a r e  t o  a  c l o s e  

approximation s e c t i o n s  of s i n e  curves .  For  e a s e  of 

c a l c u l a t i o n  t h e  o r b i t s  were approximated by a r c s  of 

c i r c l e s  where t h e  r a d i u s  of c u r v a t u r e  was t aken  f o r  t h e  

average magnetic f i e l d  a long t h e  s i n u s o i d a l  o r b i t .  

P R e f e r r i n g  t o  f i g u r e  1, f o r  t h e  approximate h a l f - s e c t o r  

geometry wi thout  s t r a i g h t  s e c t i o n s ,  

Theref o r e  

F i g .  1 



Where N i s  t h e  number of s e c t o r s ,  i s  t h e  ang le  between 

t h e  e q u i l i b r i u m  o r b i t  and t h e  normal t o  t h e  magnet edge, 

p 1 and B2  a r e  t h e  h a l f  ang l e s  subtended by t h e  o r b i t s  i n  

each h a l f  magnet. The average over  h a l f  a  s i n e  curve i s  

2- - = 0.643. Here we cons ide r  t h e  f i e l d  a long o r b i t s  i n  
7L 

+ 0. L A .  each magnet t o  have t h e  v a l u e  i t  h a s  a t  @= 8- 

Let  
8, = #+ d.  654 

/4 Then 
k 

e 

An e r r o r  i n  chosing t h e  average  R s  a f f e c t s  k on ly  l i n e a r l y ,  

and any r ea sonab le  way of averag ing  r e s u l t s  i n  t h e  same 

g e n e r a l  f ami ly  of paramete rs .  

S i n c e  5, N, s2 f o r  l a r g e  N, 

We a l s o  have 



Therefore ,  i f  N ,  $ 1, and f i  a r e  chosen a r b i t r a r i l y ,  k i s  

determined.  This  i s  one more r e s t r i c t i o n  t h a n  one normally 

ha s  i n  F.F.A.G. de s igns ;  it a r i s e s  s i n c e  we demand complete 

symmetry between p o s i t i v e  and n e g a t i v e  f i e l d s ,  s o  t h a t  

p ro tons  may t r a v e l  i n  e i t h e r  d i r e c t i o n  around t h e  machine. 

For  t h e  ma t r ix  s o l u t i o n s  f o r  c o s i n e  f, we d e f i n e  a s  u sua l :  

I f  edge e f f e c t s  a r e  neg l ec t ed  and t h e r e  a r e  no s t r a i g h t  

s e c t i o n s  

Here nl and n2 a r e  r e l a t e d  th rough  t h e  geometry: 



We d e f i n e  t h e  c i rcumference  f a c t o r  a s :  

/ /  
Through t h e  above r e l a t i o n s h i p s ,  C and N determine le, 

, and pg When edges a r e  n e g l e c t e d ,  one may show t h a t  

N and k a r e  r e l a t e d  i n  such a  way t h a t  independent of N and 

k ,  C determines  efl and Using t h e  method of 
2 2 

adding edge e f f e c t s  i n  quad ra tu re  t h e  parameters  f o r  a  

64 s e c t o r  machine were found and a r e  given i n  t a b l e  1. 

There a r e  two a d d i t i o n a l  parameters  which may be 

i n t roduced  t o  a d j u s t  f o r  a  g iven  C: s t r a i g h t  s e c t i o n s  

P and s p i r a l e d  s e c t o r s .  

STRAIGHT SECTIONS 

By i n t r o d u c i n g  s t r a i g h t  s e c t i o n s  and ho ld ing  t h e  

c i rcumference f a c t o r  c o n s t a n t ,  t h e  r a t i o  pl/p 2 i n c r e a s e s ,  

and, s i n c e  t h e  s c a l l o p i n g  i s  reduced ,  k must i n c r e a s e  t o  

produce t h e  r a t i o  of average f i e l d s  i n  magnets equa l  t o  

,/p2. This  i n c r e a s e s  t h e  s t r e n g t h  of r a d i a l  focus ing  and 

s l i g h t l y  dec rease s  v e r t i c a l  f ocus ing ,  so  t h a t  i n  g e n e r a l  a  s l i g h t -  

l y  l a r g e r  c i rcumference  f a c t o r  i s  r e q u i r e d  f o r  s t a b i l i t y  w i t h  

s t r a i g h t  s e c t i o n s  t han  w i thou t .  F i g u r e  2 g i v e s  t h e  geometry 

w i t h  s t r a i g h t  s e c t i o n s .  
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The c o s i n e w  expres s ions  w i t h  s t r a i g h t  s e c t i o n s  become 



Table I summarizes r e s u l t s  f o r  machines of 64  s e c t o r s  cons ide r ing  circum- 

f  e rence  f a c t o r s  of 6 and 8 w i t h  no s t r a i g h t  s e c t i o n s  (P = ) and w i t h  

s t r a i g h t  s e c t i o n s  one t h i r d  t h e  magnet l e n g t h  (P  = 3 ) .  Edge 6 were 5 
c a l c u l a t e d  from t h e  fo l l owinq :  

TABLE I 

No Edqes Cor rec t ed  f o r  Edqe E f f e c t s  

It i s  apparent  t h a t  wi thout  edge e f f e c t s  none of t h e  parameter  cho ice s  
4 

g i v e s  v e r t i c a l  s t a b i l i t y ,  and t h a t  edge e f f e c t s  a r e  impor tan t  even w i t h  

64 s e c t o r s .  

SPIRAL SECTORS 

By s p i r a l l i n g  t h e  s e c t o r s  but  ma in t a in ing  t h e  c o n d i t i o n  t h a t  magnets 

a r e  complete ly  symmetf.ic, we have an example of a  " t r a n s i t i o n "  machine 

between a  s p i r a l  s e c t o r  and a  r a d i a l  s e c t o r  machine. The geometry and 

n o t a t i o n  a r e  g iven  on t h e  nex t  page f o r  t h e  s imple  c a s e  w i th  no s t r a i g h t  

s e c t i o n s .  Note t h a t  h e r e  we l e t  r e f e r  t o  t h e  whole magnet r a t h e r  

rhan t h e  h a l f  magnet. 
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Parameters  s t u d i e d  f o r  a 50 s e c t o r  machine a r e  summarized below 

5 156 7.2' 60' - .885 .221 

45O -.819 .872 

30' - .795 1 .083 

o0 - .783 1.189 ( r a d i a l  s e c t o r )  

6 9 9 9 O 60' - .229 - .493 

45 O - . I 5 2  .502 

o0 - .126 .960 ( r a d i a l  s e c t o r )  

- 
0 It i s  apparent  t h a t  by s p i r a l i n g  t h e  magnets any d e s i r e d  amount of 

v e r t i c a l  f ocus ing  may be achieved;  however, t h e  r a d i a l  f ocus ing  i s  h a r d l y  

a f f e c t e d  by s p i r a l i n g .  

CONCLUSION 

It appears  t h a t  a r e a s o n a b l e  machine might have a c i rcumference 
0 

f a c t o r  of 5 .5  o r  6 ,  s e c t o r s  s p i r a l i n g  a t  about 45 , and s t r a i g h t  s e c t i o n s  

of t h e  o r d e r  of one t h i r d  a s  long a s  magnets.  The t o t a l  pe r ime te r  of 

t h i s  machine would be equa l  t o  t h a t  of two machines each of circum- 

f e r e n c e  f a c t o r  2 .75  o r  3; however, t h e  weight  of magnets,  e t c . ,  would be  

much g r e a t e r  f o r  t h e  s i n g l e  machine. Although t h e r e  would be 100 o r  

more p o i n t s  of beam i n t e r s e c t i o n ,  due t o  t h e  a n g l e  of beam i n t e r s e c t i o n  

( 2 6  ) t h e  i n t e r s e c t i n g  r e g i o n  would be on ly  a few t imes  a s  long  a s  t h e  

beam d iamete r .  T h i s  may be an advantage o r  a d i sadvantage ,  depending 

f i  on t h e  d e t a i l s  of a p a r t i c u l a r  exper iment .  Each r e g i o n  of i n t e r a c t i o n  

would be a c c e s s i b l e  on t h r e e  s i d e s  i n s t e a d  of j u s t  t o p  and bottom 

( a s  i n  t angen t  i n t e r s e c t i n g  beam d e s i g n s ) .  I n  t h i s  machine t h e  energy 
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of t h e  i n t e r s e c t i n g  beams could  be r e a d i l y  v a r i e d  by chan*ng t h e  X.F. 

s t ack ing  p o i n t ,  and by changing t h e  f i e l d s  of one s e t  magnets r e l a t i v e  

t o  t h e  o t h e r ,  beams could  be made t o  i n t e r a c t  t a n g e n t i a l l y  and a t  

d i f f e r e n t  ene rg i e s  (p rov id ing  a  n e t  c e n t e r  of mass ene rgy ) .  Thus i n  

s p i t e  of t h e  g r e a t e r  c i rcumference  of such a  machine, it appears  t h a t  

w i t h  i t s  many t a r g e t  a r e a s ,  g r e a t e r  f l e x i b i l i t y ,  and des ign  s i m p l i c i t y  

c h a r a c t e r i s t i c  of almost  r a d i a l  s e c t o r  geomet r ies ,  t h i s  type  of 

a c c e l e r a t o r  des ign  m e r i t s  v e r y  s e r i o u s  c o n s i d e r a t i o n  a s  a  means 

of o b t a i n i n g  c e n t e r  of mass e n e r g i e s  of 6 t o  40 Bev. 


