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Recent i n t e r e s t  i n  a l t e r n a t e  co l l i d ing  beans methods 1 

suggests t h a t  the  following geometry, o r ig ina l l y  discussed 

l a s t  year,  be given wider c i rcu la t ion .  Not t h a t  t h i s  i s  the  

bes t  poss ib le  way of using co l l i d ing  beams, but i t  i s  hoped 

t h a t  d iscuss ion of t h e  v i r t u e s  and drawbacks of t h i s  system 
c 

may lead t o  bfoader Axamination of the  e n t i r e  problem. 

The r a d i a l  s ec to r  type of f ixed  f i e l d  a l t e r n a t i n g  

gradient  acce le ra to r  can be designed with e i t h e r  pos i t ive  

or  negative momentum compaction, t h a t  i s ,  with the  maximum 

energy o r b i t s  on ei t f ler  the  outside or  the. ins ide  of the  

magnet r a d i a l  aper ture .  Two r a d i a l  sec to r  F.F.A.G. machines, 

one of pos i t ive  and one of negative momentum compaction, 

could be constructed concentr ic  t o  each other ,  and spec ia l  

magnets i n  s t r a i g h t  sec t ions  devised f o r  bringing beams i n t o  
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co l l i s i on .  Beams i n ' t h e  two  machines would be accelerated 

i n  opposite d i f  . th  t h e  same number of sec to rs  i n  

each machine, tLLr could be made a s  a s ing le  u n i t  f o r  

both mach t 1. 
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would be almost e n t i r e l y  determined by the  ve loc i t y  of 

t h e  pa r t i c l e s .  (Actually the  only d i f fe rence  i n  o r b i t  

circumference would be due t o  d i f f e r e n t  path lengths i n  

the  cross-over region.) The obvious app l ica t ion  of t h i s  

idea  t o  a co l l i d ing  beams geometry i s  t o  have two such 

machines "overlapping" or eccentr ic .  Again, a s  with con- 

c e n t r i c  machines, the  magnets of both machines would be 

combined t o  s ing le  u n i t s ,  and t h e  high energy o r b i t s  made 

t o  overlap i n  o ther  spec i a l  s t r a i g h t  sec t ions .  Such a 

machine i s  represented very schematically i n  f i g u r e  2. 

Here both machines, o r ' bo th  components of the  s ing l e  

machine, have i d e n t i c a l  R.F. requirements. Furthermore, 

a l l  o r b i t s  or  both components cross  i n  a region of r e l a t i v e -  

l y  small r a d i a l  aperture.  

This makes poss ib le  a s i ng l e  R.F. cav i ty  f o r  both 

acce le ra to rs  which need have an aper ture  only determined 

by the  amplitudes of i n j e c t i o n  o s c i l l a t i o n  (about 3Ox3Ccm) 

r a t h e r  than t h e  r a d i a l  aper ture  of the  machine (3  t o  5 met- 

e r s ) .  O f  course t h e  beams could be made t o  cross  the  re-  

cross  many times, ( ins tead of j u s t  twice as  i l l u s t r a t e d )  

each crossing point  providing' space f o r  R.F. c a v i t i e s  or 

f o r  co l l i d ing  beams experiments. Since t h e  beam would be 

a t tenuated almost e n t i r e l y  by c o l l i s i o n s  with gas molecules 
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r a t h e r  than i n  f l y i n g  c o l l i s i o n s ,  t e n  or  twenty i n t e r -  

sec t ing  beams experimental s t a t i o n s  could be s e t  up around 

the  machine with no r ice of In t e r ac t i on  r a t e  a t  any 

one s t a t i on .  

The most obvious f a u l t  of the  concentr ic  br eccen- 

t r i c  geometries discussed above i s  t h a t  they must both use 

2 ser ic  

r a d i a l  sector-type magnets with the  at tendant  largeclrcumfereme 

f ac to r .  Althot; ,us disadvantage, the  f o l -  

lowing numbers a r e  glven co ind ica te  t h a t  such a  device i s  

not  implausible. 

The 10  Bev r a d i a l  sec to r  synchrotron proposed a  

year ago had the  following cha rac t e r i s t i c s :  

number of sec to rs  N = 64 

Circumference f a c t o r  C = 5.35 

rad ius  R = 100 meters 

r a .e A F  5 meters 

lron = 10,buu cons 

magnet power = 5 megawats 

peak f i e l d  B = 20,000 gausses. 

A concentr ic  or eccen t r i c  geometry of two 10 Bev 

machines might have a l l  of the  above c h a r a c t e r i s t i c s  ex- 

cept  t h a t  the  magnet power would be doubled. 



To sca l e  these  f i gu re s  t o  15 Bev, one would have 

f o r  the  double machine: 

Radius R = 150 meters 

Radial  aper ture  OR = 3.5 meters 

i r o n  34,000 tons  

power 34 megawatts 

These f i g u r e s  may be contrasted with the  "octa- 

t ront t  ( f i gu re  8) geometry of s p i r a l  sec to r  15 Bev machines 

proposed by t h e  I l l i n o i s  group. The possible advantages 

of the  r a d i a l  sec to r  eccen t r i c  geometry might be enumerated. 

They are:  

Savings i n  bui ld ings ,  foundations, sh ie ld ing,  r e a l  

e s t a t e ,  vacuum system, and con t ro l  system. 

Single ,  simpler R.F. system f o r  both accelera tors .  

Many experimental areas  (2 t o  20 or more) avai lable  

f o r  co l l i d ing  beams. 

Simpler, r a d i a l  sec to r  magnets with fewer o r b i t  

non- l inear i t i e s .  No t r a n s i t i o n  energy. 

Obvious s t rong disadvantages of t h i s  system are: 

Poor circumference f a c t o r  with corresponding 

a t t roc ious  magnet weights and powers. 

I n f l e x i b i l i t y  of the  system. 

D i f f i c u l t y  of using or ex t r ac t i ng  the  beam of one 

machine. 



S t a b i l i t y  problems associated with add i t iona l  per- 

i o d i c i t i e s .  

There sc with t h i s  geometry considerable incen- 

t i v e  t o  t r y  t o  f i nd  s p i r a l  sec to r  smaller circumference 

f a c t o r  designs which have negative momentum compaction. 

For those whose i n t e r e s t  i s  i n  pulsed f i e l d  accel- 

e r a t o r s ,  i f  the  i n t e n s i t y  problem d id  not  e x i s t ,  there  

i s  easy applic: ~f t h i s  cr iss-cross ing beams concept. 

A simple quadrupu~e Lens might ca r ry  a beam i n  one di rec-  

t i o n  through i t s  gap on one s ide ,  and i n  the  opposite 

d i r e c t i o n  but bending about the  same center  of curvature 

i n  the  other  gap. The next magnet around the  machine 

could be an idc e but with i t s  currents  re- 

versed. For the  Deams t o  sr;lii  bend about t h e  same cen- 

t e r  of curvature,  beam-crossing magnets would be needed 

i n  every s t r a i g h t  sec t ion.  The beam crossing nagnets 

could be very simple, and could be pulsed with the  main 

quadrupoles . 1 ?r t o  r e a l i z e  the  g rea tes t  duty fac-  

t o r  f o r  co l l i d ing  oeams of peak energy, the  magnets could 

be pulsed t o  full energy, then switched t o  a D.C, source 

f o r  a time comparable t o  the  coast ing beam's l i f e t ime .  

Figure 3 i l l u s t r a t e s  a sec t ion  of such a machine. 
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