
K. M. Terwilliger, L. W. Jones, D. W. Kerst, K. R. Symon 
Midwestern Universi t ies Research Association 

November 4, 1954 

The la rge  momentum spread which can be held by the reversing f i e l d  

and a l t o m t i n g  gradient type of f ixed f i e l d  r ing magnet described by 
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K. Symon allows a great  increase i n  the  acceptance time of in jected 

pa r t i c l e s  i f  betatron acceleration i s  used. The injected pa r t i c l e s  

can be accepted i n  the D.C. magnet gap a t  t he  low energy radius a l l  

the  time t h a t  the  cen t ra l  flux i s  r i s ing ;  a s  the  pa r t i c l e s  gain energy, 

they sp i r a l  toward the  high f i e l d  radius. After each pa r t i c l e  o r b i t  

has linked a ce r ta in  change i n  f lux  it ar r ives  a t  the t a rge t .  Charged 

par t ic les  continue t o  a r r ive  a t  the  t a r g e t  a s  long a s  the f lux continues 
c 

t o  r i s e  above the  minimum necessary t o  b r ing  a p a r t i c l e  t o  fill energy 

(see Figure 1). In contras t  t o  fixed f ie ld  weak focussing accelerators,  
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the  high radial  gradient of the 

FFAG machine allows a hole a t  the . 
F '  ~ I M C  

center fo r  the  accelerating core. 

If the  focussing magnetic 

f i e l d  i s  s e t  a t  a magnitude such 

f i n e  
I t t h a t  half  the  flux i s  needed 60 

accelerate  the  beam from the  low 
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+'"' t o  the  high magnetic f i e l d  region, 

6$ ' f l ux  change necessary t o  the  duty cycle would approach 25 per 
accelerate  a pa r t i c l e  t o  fill 
energy. oent. 
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The acceptance time pcr cycle i n  present day betatrons and electron 

synchrotrons i s  about 10'~ seconds, while the  acceptance time i n  t h i s  
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new accelerator would be 4 x 10 seconds per cycle a t  60 cycles per 

4 .  
second. Thus there i s  a f ac to r  of 4 x 10 Increase i n  the i n j ec t i an  

time. There wi l l  probably not be t h i s  large increase 5.n beam output 

because space charge i n  the  ea r ly  stages of acceleration w i l l  be a 

l imi t ing  factor;  however, the  very large gap possible a t  the low f i e l d  

region of the  magnet provides a large space t o  fill before the space 

charge forces a r e  eliminated by the approach t o  the veloci ty  of l ight .  

High energy in jec t ion  would a l so  r a i s e  the l i m i t .  

A working t e s t  of the FFAG poles i s  being planned using the  80 %v 

betatron a t  the  University of I l l i n o i s .  Mark I-type poles fo r  t h i s  

could have the following parameters: 

Inject ion average f i e l d  Hi : 25 gauss 

Inject ion radius Ri = 25 cm; Pi = 5 cm 

Final radius Ro : 35 cm; P = 7 cm 
0 

I 
For 6;: 'v' 6 = q ,  with ~, = / H ~ ' /  

q = = 6 ,  /4 = / . A 3  

q*. /, 3 9 -  6-4 4 f pa 
N = T 15 

E 
(6 -7% ) - - 

max 20 m v  

A $ f o r  f u l l  accelerat ion = .12 vvebers or  i n  

20 om radius core 

AB r 11,000 gausses 

a B available - 26,000 

Duty cycle approximately 30% 



P 
For 60 cycle per second core exci ta t ion,  the  accelerat ion i s  rapid 

enough t o  cause the o r b i t  t o  expand on the  f i r s t  turn suf f ic ien t ly  

t o  miss the i n j ec to r  s t ructure  (about 1/2 millimeter). A problem 

of making Mark I poles on the  scale described above i s  the design of 

co i l s  fo r  the  20 Mev scale  of the FFAG magnet. 

The low circumferential average of the  bending f i e l d  caused by 

the  s e p e n t s  with rev,-rsed f i e ld s  lowers the  energy l i m i t  of these 

betatrons undesireably. Therefore, it i s  important t o  develop a 

uni-directional D.C. f ie ld  system. Such a focussing f i e l d  with good 

momentum compaction i s  described i n  the  accompanying report  on ridged 

poles but it has not been a s  f i l l y  analyzed a s  the simpler reversing 
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f i e l d  type. Applied t o  the  300 Mev betatron,  it would allow very 

high in t ens i t i e s  and long pulses a t  the  meson production threshold. 

Zhe large acceptance time might make possible beans of positrons 

originating from radioactive material  near the  inner walls of the 

donut. 


