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Introduction 

1 
Symon has described an accelerator  ( reforred t o  a s  Mark I )  q t i l i z i n g  

D.C. magnets with a l t e rna t e ly  directed f i e ld s .  The orimary disadvankage of 

such a design i s  the  large increase i n  circumference ovcr conventional A.G. 

synchrotrons. It i s  suggested here that the  circumference of such a 

machine night  be reduced by operating not i n  the  conventional region of 

s t a b i l i t y  ( the  so-called "necktie") but i n  the  f i r s t  s table  island "or 

patch" of the  plane where the  r a t i o  of sector, lengths i s  greater  and 
P 

the circumference i s  l ess .  This i s  referred t o  a s  Mark 111. The inunediate 

cr i t ic ism of t h i s  design i s  the large amplitudes of ve r t i ca l  or  rad ia l  

osci!lation associated with an o r b i t  of given i n i t i a l  slope. These ampli- 

tudes are computed and conpared with those f o r  other designs. 

S t a b i l i t y  Limits and Orbit Circumference 
2 

I n  FFAG accelerators  of the Symon Mark Ib type , the  magnetic f i e l d  

has the same radial  dependenoe but opposite d i rec t ion  i n  successive magnet 

sectors,  and the  pa r t i c l e  path lengths a r e  d i f f e r en t  i n  successive sectors. 

For Nark Ib: 
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P S i s  the  pa r t i c l e  path length i n  cne sector,  

p i s  the  pa r t i c l e  radius of curvature, 

HI i s  the magnetic f i e l d  gradient a t  the  o rb i t  i n  the median plane. 

For t h i s  special case, it has been shown t h a t  

cos 6 1 cos c o s h p  , cos E = cos% c o ~ h ? ~ .  r 2 - -. 
Radial and ve r t i ca l  osc i l l a t ions  a re  s table  for  r e a l  values o f 5  and rz. 

The l imi t s  of s t a b i l i t y  aro then, i n  the  (1/2 plane: 

cos cosh (t12 z 1 cos $ cosh$J1 L 1 
1 

,OS 3; cosh f 2  - -1 cos V, cosh ly .- -1 

These regions a re  shown i n  Figure 1. 

S tab i l i t y  i s  a l so  achieved for  values of +>IT' fo r  ce r ta in  values, a s  

long a s  the above a re  sa t i s f ied .  

The circumference of an accelerator i s  given by N ( s ~ +  S2) while the 

circumference of a c i r cu l a r  o rb i t  i n  the  same f i e l d  i s  2 7 7 .  Symon has 

shown t h a t ,  f o r  machines of the type discussed here, the circumference i s  

larger  than 2 p p  by the  "circumference factor," 

N(S1 S S2) - (where HI I: -- - 
'CP f - I  Y , -Y&  1 = 

The smallest circumference i s  achieved fo r  the  l a rges t  r a t i o  of f s .  

. ,, 
ufithin the usual region of s t ab i l i t y ,  the  most favorable circumference i s  

obtained i n  the  region where 
3 3: r 2.0 , ~ ~ 3 . 3 3  , - C =  5. 

A t  the  center of the f i r s t  "Patch," 
Y: 

Nomenturn Compaction 
3 

The momentum conpaction fac tor ,  d ,  i s  given, fo r  Mark Ib ,  by: 

3) X. R. Symon, m - K R S  6 



I n  general, it i s  assumed t h a t  d i s  posit ive and higher energy orb i t s  

l i e  a t  a larger  radius. I n  Mark Ib designs, 4-P 0 as  3: + &, or  

as  S1*SZ. However, the  horizontal and v e r t i c a l  osc i l l a t ion  oonditions 

remain valid. I f  the rad ia l  focussing sector i s  made shorter than the 

rad ia l  defocussing sector, the o rb i t  curves around so tha t  the high f i e l d  

region i s  on the smaller radius. a t h e n  becomes negative. In  such a 

machine the r ad i a l  focussing i s  weak, the  v e r t i c a l  focussing i s  strong, 

and there w i l l  be no t r ans i t i on  energy. Since ve r t i ca l  aperture i s  

bounded by the magnet pole spacing, it i s  probably desirable t o  use 

stronger ve r t i ca l  focussing, hence negative oL . This i s  especially t m e  

f o r  Mark 111, and the patch i n  Figure 1 i s  the one f o r  p2 7f2 and negative C i  . 
Amplitude of Oscil lat ions 

r The more favorable oircumferenoe factor  makes a "patch" design seem 

desirable,  but large values of f l  lead t o  very large ver t ica l  osci l la-  

tions. From courant and ~ n ~ d e r , ~  the maximum amplitude of osc i l l a t ion  

resul t ing from a given angle, 0 ,  of t r a j ec to ry  crossing the equilibrium 

o rb i t  i s  given by: 

i n  the special case where k t l M 1 ( r / M d ,  11 l' ( Y 2 =  f. 

For acaelerators of the Synon Mark Ib type and the present Mark I11 

patch type ,  ~ - / M / = \ M \ ,  but 3/1k$. 
1 2  

Amplitudes of A and osc i l la t ion  a re  then given as follows: 

. - &  fi I- A 2 9-1" $ z k  4. + & A  
Y; 

4) EIYC/HSS 1, pp. 15  ahd 20. 



For purposes of cornparison, Table I gives values of fo r  

different choices of and q2. Since the amplitude i s  produced by 

in jec t ion  e r rors ,  gas scat ter ing and misalignment, the rad ica l  7 k p 2  

should serve as a reasonable index of the  required aperture f o r  machines 

of the samekq . 

-- - 

I conventional A.G. 
772 1 23 23 l 5  5 synohrotron 

*here maximum amplitude r e s u l t s  from passing through the  center  of a defocus- 

sing sector a t  angle 8. See MAC/LITJ 1. 

It i s  seen t h a t  the  amplitude of rad ia l  o sc i l l a t i on  i n  a Mark I11 

design i s  21 times t h a t  i n  a conventional design, and 7 times t h a t  i n  a 

Mark I design. From Figure 1 it i s  a l so  seen t h a t  on the  "patch" a l l  of 

the radial  resonances a re  crowded together,  so t h a t  t o  avoid a resonance 

the  tolerance on i s  very much more severe than i n  conventional designs. 
1 

The l im i t s  of r ad i a l  s t a b i l i t y  on the patch d i f f e r  by only 2.4% i n  . 
v2 

Conclusions 

These two considerations, r ad i a l  resonance and r a d i a l  osc i l l a t ions ,  

seem t o  rule  out Wark 111 a s  an acceptable accelerator  design. 
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