
A Strong-Focussing Accelerator With A DC ~ i n g '  Magnet 
(Preliminary repor t  f o r  i n t e r n a l  c i r cu l a t i on  only) 

Keith R. Symon, Wame Universi ty,  August 13, 1954 

It i s  proposed t o  design an acce le ra to r  using D.C. magnets 

around a rouphly doughnut-shaped vacuum chamber, so designed 

t h a t  there  e x i s t  wi th in  the doughnut s t ab l e  Bquilibrium o r b i t s  

a t  a l l  energies between the  i n j e c t i o n  energy and the  f i n a l  

energy. The frequency of revolut ion w i l l  depend on the energy, 

and the p a r t i c l e  w i l l  be accelera ted  by one o r  mcre' r.f. gaps, 

the accelera t ing voltage frequency being modulated so a s  t o  carry  

the  p a r t i c l e s  from t h e  o r b i t  corresponding to i n j e c t i o n  energy 

t o  the o r b i t  corresponding t o  the f i n a l  energy, a s  i n  a synchro- 

cyclotron. 

I n  order t o  achieve the  required o r b i t  system, we propose t o  

use the a l t e r n a t i n g  gradient  p r inc ip l e ,  arranging the  magnets so 

t h a t  the me'an' rnagne t i c  f i e l d  inc reases  wi th  rad ius  ( o r  perhaps 

decreases) .  The o r h i t  r a d i u s  w i l l  then increase  ( o r  decrease) 

with.energy. I n  the ~ a d i a l  focussing sec to rs ,  the  f i e l d  w i l l  have 

where r i s  the  r ad ius  of the c i r c u l a r  a r c  around which an  ion 

moves i n  t h i s  sec tor .  The n-value f o r  a p a r t i c l e  moving 

a t  radius  F would then be 
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so t h a t  n i s  independent of r i f  we use the f i e l d  (1). In order 

to  achieve a n  opposite gradient  i n  the v e r t i c a l  focussing sec tors ,  

we use e i t h e r  R f i e l d  

or e l s e  we use a  f i e l d  equal a n d q p o s i t e  t o  (1) i n  a  sec to r  of 

length/ times the length  of the  focussing sec tors .  The r a t i o  

of aHZ/bu i n  r a d i a l  and v e r t i c a l  focussing sec to rs  w i l l  then be 

equal t o  /8 and should probably be independent of r i f  we want t o  

s t ay  a t  the sane point  i n  the neckt ie  diagram. For s t a b i l i t y ,  / 
cannot be.  smaller than about 2 / 3 .  The o r b i t  w i l l  now be a  s e r i e s  

of concave and convex c i r c u l a r  a rcs .  In the  r a d i a l  focussing sec- 

t o r s ,  the tangent t o  t he  o r b i t  tu rns  6g an gngle 0, and i n  the  

v e r t i c a l  focussing sec to rs ,  hy an angle - y e ,  so t h a t  the number 

of (double) sec tors  i s  

If we use -eaual and opposite f i e l d s  with ha l f - sec to rs  of d i f f e r e n t  

lengths ,  then the o r h i t  length  i s  

(we assume no s t r a i g h t  sec t ions ,  but the  ana ly s i s  i s  not s igni -  

f  i c a n t l y  complicated by s t r a i g h t  sect ions.  ) The increase of o r b i t  

1eng.th over a  c i r c u l a r  machine i s  by a  f a c t o r  



The magnets w i l l  have a shape something l i k e  th i s :  

The dgughnut alape t akes  advantage of ad iaba t i c  damping so t h a t  

the space ava i l ab le  f o r  be ta t ron  o s c i l l a t i o n s  i s  reduced a t  high 

energies .  There w i l l  5e a t r a n s i t i o n  energy i f f i  1, but the t r ans i -  

t i o n  problem i s  l e s s  severe here,  s!nce the vagnetic f i e l d  i s  

constant i n  time. 


