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The purpose of t h i s  paper i s  t o  estimate' t h e  e f f e c t  

of s t r a i g h t  sec t ions  on T r  and CZ i n  a s p i r a l l y  ridged 

accelera tor .  For o r b i t s  of d i f f e r i n g  r a d i i ,  t h e  s t r a i g h t  sec- 

t i o n s  occur a t  d i f f e r e n t  pos i t ions  r e l a t i v e  t o  the  pos i t ive  

and negative gradient  regions along the  path of t h e  p a r t i c l e o  

The problem i s  t r e a t e d  by t e s t i n g  t h e  e f f e c t  of the  s t r a i g h t  

s ec t i on  pos i t ion  i n  a magnet obeying a H i l l ' s  equation with t h e  

same 
('-F and 5 of the  s p i r a l l y  ridged accelera tor ,  

For H i l l ' s  equation, we consider t h e  following cases,, 

Case I: No s t r a i g h t  sec t iono  Denote the  transforma- 

t i o n  matrix i n  the  focussing sec to r  by 

a = cos % 
1 

C - 
d a cos 

and the  t ransformation matr ix i n  t h e  defocussing sec to r  by 

n) e r cosh 

f = - si"h q-. 
g = F s i n h  J/ ,  . 
h = cosh 
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We see that the transformation matrix across a complete 

sector 1s M0 ( 9 (i ) a d  TP (H,,) i s  

ae + bg t cf +dhe 
Case 11: Straight section between a focussing and a 

defocussing sector. One straight section per complete sectoro 
e The transformation matrix for the straight section is ( 6 1 ), 

where g) is the angle in radians subtended by the stralght sec- 

tione Let M1 be the matrix of the transformation in the case 

where the straight section follows the defocussing sector and 

M2 
be the matrix for the transformation in the case where the 

straight section follows the focussing sector. 

Tr(M1) = Tr Mo t 8 (ga+hc) 

Tr(M2) - Tr Mo + ~ ( c e  +dg) 

So Tr(M2) = Tr(Ml), since a r d and e a h. 

Case 111: Straight section in a defocussing sectoro 

where ( ) ( ::) (:; hl ") 



+ Tr(No) 

Case IV: St ra igh t  s ec t i on  i n  t h e  center  of a focussing 

sec to r ,  

M4 =(: :)(:: :j(: :) (:: ::) 
where 

d l  

A t  t h i s  point ,  we might note t h a t  M3 and M4 are  su f f i -  

c i e n t l y  general t h a t  M1 and M2 could be derived from e i t h e r  M3 

or  M4, For example I n  Mq$ i f  we l e t  the  s t r a i g h t  sec t ion  

move toward the  end of t h e  focussing sector., 



1 0  1 8 a b e f  

and (: J Thus, M. becomesk 31. d g h  )( ) 0 

This i s  merely M2. However, the  simple nature of M1 o r  M2 

makes it somewhat impract ica l  t o  ignore M1 and dea l  with t h e  

more complex M3 or  Mq, 

We s h a l l  now inves t iga te  t h e  e f f e c t  of adding mope 

s t r a i g h t  sec t ionso I n  Case V, we s h a l l  consider t h e  case where 

t h e r e  a re  two s t r a i g h t  sec t ions  per complete sector .  One w i l l  

be encountered when a p a r t i c l e  passes from a focussing t o  a 

defocussing sector ,  and the  othere w i l l  be encountered when a 

p a r t i c l e  passes from a defocussing sec to r  t o  a focussing sector0 

If we had s t a r t e d  a t  a d i f f e r e n t  point  t o  m i t e  Id 1 
we would have . 

Since T r  (M1) T ( 1  T r  (A Mi)@ Tr(d MI) 

which 

2 



Case V I :  S t r a igh t  sea t ions  I n  focussing and defocussing 

s ec to r so  S imi la r ly  t o  t h e  developmefit In case V, assume t h a t  

we had s t a r t ed  a t  a  d i f f e r e n t  point  t o  ~ f t a  ld 3" 
1 8  

, T ~ ( A ~ I ~ )  a T r (  ABj)  Again, s ince T'r(M3) a T r t M 3  

again makihg t h e  approx-tion t h a t  82 S 0,  n 

have 

Tr(M )? Tr(  e A  Mj) + Tr(eAMh) + 
6 

For Mark V we have L a s l e t t 8 s  l i nea r i zed  equations8 

where the  V motion i s  r a d i a l  and the Z motion is ver- 

t i c a l .  So f o r  these  parameters: 



We want t o  s u b s t i t u t e  H i l l ' s  equations f o r  these  equa- 

t i o n s  with about t h e  same o r  
and 6, so  t h a t  t h e  previous 

r e s u l t s  on s t r a i g h t  s e c t i o n s c a n  be applied t o  these  imi ta t ion  

Hark V equations. We ignore the  set-ond harmonic because the  
- C d  

A; smooth approximation says f + i s  the  Force constanto 

This means t h a t  the  contr ibut ion of t h e  second harmonic i s  l e s s  

than 1%. T h i s  would give u s  approximately 

d2 Z -416 

d a2 ' \+)00\ ' O0 

Using the  Wayne Tables, we see from t h i s  t h a t  we should 

change t o  the  following parameters so  t h a t  6. ,w m/3 and r 



This gives 

37 

U s i a g  th8se vdLMs, rPth one straldrt seotlon pmsb 

eoaplets motm 

- T.( a M,) = - 0 (48.31r) 
I f  the s t m l g h t  aection far 20 cm, long, an8 We naohiln r&fw 

4 is 10 em., then @ =  2 0 x 1 0 4 ,  

q ~ ' 2 2 ~ a O  



For Z asaillatiom, 

TP( 8 A +,) = - 8 C4&9 
6, = 

q = o w  

For vertPca1 oseillatlonn 

'pr(8A IA ) 
5 

a -(ba,3Jae 

r, 620230 



We see t h a t ,  unfor tunate lye  we cross ha l f - in te rna l  

resonances f o r  the  r a d i a l  o s c i l l a t i o n s  and i n t e g r a l  resonances 

f o r  v e r t i c a l  o s c i l l a t i o n s s  It would be nice t o  f i n d  a way of 

changing machine parameters f o r  c e r t a i n  r a d i i  such t h a t  
r 

and rz wmld not vary over such a  wfde range, However, if we 

cont ro l  6 by lowering k, we make the  va r i a t i on  o f r z  worn-e. 
r 

It might be possible,  however, t o  remedy t h i s  by a l s o  making 

a  small change I n  the  AG term, 



Thfs gives 

Using these rdLues, wlth one straight seetlon por 

complete sector 

TP( @ M 1 = - (48*34) 
1 

If the straight section is 20 cm. long, and the machin8 rullttr 
4 Is 10 em., then @ = 20 x 104, 

ri22a2X0 



For Z oscillations, 

Tr( 6 M1) = - 6 (42.3) 
= 59.95O 

d z = 5.86 

Now9 in the case of two straight sections per com- 

plete sector, for radial oscillations 

Tr  AM^) = -(48,34 1 2 8  

0. = 125.56' 

4 = 120b1 
For vertfcal oscillations 

Tr (8A M ) 
5 

= -(42,3)28 
rz  = 62.23' 


