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For an experiment t o  measure the magnetic moment of the A 

hyperon, it was necessary to extract the external beam of the Cosmotron 

with maximum efficiency and with minimum time duration, To accomplish 

this end, the standard external beam'l'of the machine was supplemented 

wi th  the Rapid Beam Ejector (RBE)'~),  I t  was found that.  unfortunately, ' 

the ejection efficiency of the beam was l e s s  than normal when the RBB was 

used, Measurements of the ejection efficiency were made by i r radia t ing  

polyethylene f o i l s  a t  the second focus of Beam 1 with 3 BeV protons. 

The external beam was tuned up and optimized i n  a standard manner, I t  

was found that  the ra t io  of the number of  protons ejected w i t h  the RBB 

t o  the number ejected without the RBE was 0.3 i n  one run and 0.22 i n  

another try,  I t .  was al-ko observed that  the RBB did not shift the position 

of the external proton bearm focus t o  within + l/8 in ,  - 
It was considered possible tha t  because the RBE pulse was so short, 

the ptirt icles were not a l l  able to arr ive a t  appropriate horizontal and 

ver t ica l  betatron osc i l la t ion  phases to  s t r i k e  the target during the short 

interval  of large o rb i t  perturbation, To a l levia te  t h i s  d i f f i cu l ty  the 

RBB was reconstructed with four turn c o i l s  i n  each half instead of one turn 

coi l s ,  the top and bottom halves connected i n  para l le l  a s  before and used 

with the same condenser bank and other circuitry. The inductance of t h i s  
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new RBE was about 16pH which with the  0.1SpF'capacitance should r e s u l t  

i n  a r i s e  time o f  about 25psec. . This  time s c a l e  i s  now much longer  than the  

be ta t ron  o s c i l l a t i o n  per iods  but  s t i l l  s h o r t  enough f o r  the  experiment. 

Observations o f  t h e  timing of  the  e j e c t e d  beam were made by using the  

i n t e g r a t e d  s i g n a l  from a - s c i n t i l l a t i o n  counter. When the RBE, was proper ly  

tuned, the re  was a . s i g n a 1  pu l se  of  about.4Opsec. The timing of t h e  RBE 

was s e t  somewhere between the  turning o f f  o f  the  r ad io  frequency system 

and the  appearance o f  the  normally e j e c t e d  beam. Spec i f i ca l ly ,  with rf 

turnoff  a t  1075 msec the  beam would coas t  towards the  t a r g e t  so t h a t  the  

beam would s t a r t  t a r g e t i n g  a t  about 1079 msec. The RBB would under these  

circumstances be f i x e d  a t  about 1078.5 msec with t h e  exac t . t iming  and 

vo l t age  trimmed t o  minimize the  amount o f  beam not contained i n  the  f a s t  

RBE spike. The beam not contained i n  the  f a s t  sp ike  was checked with a 

ga ted  counter se tup  and was found t o  be a s  small a s . 2 %  with c a r e f u l  tuneup 

and a s  bad a s  8% when the  adjustments were not  s o ' w e l l  done. Measurements 

of the  e j e c t i o n  e f f i c i ency  were now made again.. A l l  ex te rna l  beam parameters 

were optimized both with and without the  RBE. The e j e c t i o n  e f f i c i e n c y  

was. found t o  be 27% without the  RBE and 16% with t h e  RBE. Thus t h e  e j e c t i o n  

e f f i c i e n c y  i s  0.6 a s  g r e a t  with the  RBE. 

During the  program of optimizing the  RBE parameters,  the  d i s t r i b u t i o n  

of beah . i n s i d e  the  machine a t  the ent rance  t o  the e j e c t i o n  magnet o((1 ) o f  

t h e  ex te rna l  beam sys tem was measured, Rows: of 1/8" x 1/8" polyethylene 

f o i l s  were placed on t h e  jump t a r g e t  holder .and t h e  r e s i d u a l - a c t i v i t y  

.measured i n  a  deep well  counter system. Unfortunately,. the  measurements 

without t h e  RBE were not  cons i s t&t  from day t o  day. -Two runs without 

RBE a r e  shown i n  Fig. 1 and 2. ~ i g u r e  1 a l s o  shows a v e r t i c a l  d i s t r i b u t i o n .  
. ( I )  . Figure 1 compares favorably with previous s t u d i e s  of  the ex te rna l  beam . 

.Figure 2 does not  look cons i s t en t  with a good tuneup f o r . . t h e  ex te rna i  beam. 

Anyway, F ig ,  3 shows a d i s t r i b u t i o n  taken with the  RBE on. Since the  d a t a  

without RBE a r e  not cons i s t en t ,  i t  i s  d i f f i c u l t  t o  conclude anything from 

these  data. .The beam with RBE seems t o  be wi th in  the  4 aper tu re  but not  

a s  narrow a s  the  well  tuned case  without RBE. 

Shor t ly  a f t e r  the  experimental use of  the RBE was completed, 

some computer s t u d i e s  were i n i t i a t e d  t o  improve the  understanding.of  t h e  
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RBE. The method cons i s t ed  genera l ly  of  solving the  equation of  motion\ 

f o r  the r a d i a l  be ta t ron  o s c i l l a t i o n  with a  time inc reas ing  h ighly  l o c a l i z e d  

pe r tu rba t ion  i n  one s t r a i g h t  sec t ion .  For t h i s  computation we l e t  8 be the  

angle  of r o t a t i o n  of  the  p a r t i c l e  measured from t h e  RBE s t r a i g h t  s e c t i o n  
dx 

(Eas t ) ,  x t he  amplitude o f  o s c i l l a t i o n  and x *  = - t he  s lope  o f  the 
de 

p a r t i c l e  tra3ectory.. Then x  = x cosve + x ' s inve  
0 0 - 

a3 

s o  t h a t  the  coordinates  of  the  p a r t i c l e  a r e  p ro jec ted  around a  quadrant 

by the  matr ix  m u l t i p l i c a t i o n  

The matrix mul t ip l i ca t ion  was done on the  IBM 610 computer and x and xa 

p r i n t e d  out  a t  each s t r a i g h t  sect ion.  A t  each t r a v e r s a l  : of  the  RBE s t r a i g h t  

. s e c t i o n ,  t h e  d i s  decreased corresponding t o  the bending i n  the RBE f i e l d .  

Resul ts  f o r  an i n i t i a l  x  = x  * = 0 and v = 1.1J1 - 0.7'= 0.602 a r e  shown 
0 0 

i n  Fig.. 4. These r e s u l t s  a r e  i n  agreement with the  answers obta ined by . 

. assuming the  a d i a b a t i c  growth o f  zeroth  and first harmonics i n  the &srnotron 

f i e l d  corresponding t o  t h e  RBE. The next c a l c u l a t i o n  which was done on the  

NYU ,704 computer cons is ted  o f  r e p e t i t i o n  o f  t h e  above c a l c u l a t i o n s  f o r  

, numerous p a r t i c l e s  with var ious  i n i t i a l  condi t ions  corresponding t o  a  - 

c o l l e c t i o n  o f  p a r t i c l e s  o f  v a r i o u s  amplitudes and phases o f  be ta t ron  

o s c i l l a t i o n .  Some typical  a s u t t a  a r e  shown i n  Fig. 5,. These i n d i c a t e  t h a t  

the  entire d i s t r i b u t i o n  o f  p a r t i c l e s  i s  moved s i m i l a r  t o  the  motion o f  

s ing le  p a r t i c l e  i n  t h e  first c a l c u l a t i o n  while the  shape o f  the  d i s t r i b u t i o n  

remains unchanged. 

The f irst  i n t e r e s t i n g  r e s u l t s  appeared when the  RBE f i e l d  was made a  

, func t ion  of radius  a s  well a s  time. A c a l c u l a t i o n  was done & t h  an RBE f i e l d  

chosen a s  c n  (1 - 0.02222) where C is a  cons tant ,  n  t h e  revolut ion  number 

which p u t s  i n  the  l i n e a r  time dependence and, of course, x is the same 

amplitude .defined before. I t  was found t h a t .  a f t e r  a  number o f  revolut ions  

'. t he  (x,  x * )  d i s t r i b u t i o n  of p a r t i c l e s  was modified a s  well a s  the mean 

posi t ion.  The program was then modified t o  approximate more accura te ly  the  

s p a t i a l  dependence o f  the  RBE f i e l d ,  The RBE c o i l s  a r e  4.19 inches  above 

and below the  o r b i t a l  plane and the  i n n e r  and 'outer  c o i l s  a r e  separa ted  by 

7.5 inches. I t  can then  be shown t h a t  the f i e l d  on the  o r b i t a l  plane is 
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given by 

X + 3075 x  - 3.75 
H = H 4'.215 

0 - 
(X + 3.75)" + (4.19)~ (X - 3.75:j2 '+ (4.19)~ 

where x  = o i s  assumed t o  correspond t o  the  cen te r  o f  the RBE system and 

Ho i s  H a t  x = o. The o r b i t s  of  21 p a r t i c l e s  subjec ted  t o  t h i s  RBE f i e l d  

were computed f o r  about 80 revolut ions  (2Wsec) and the  r e s u l t s  shown i n  

Fig. 6. This  c a l c u l a t i o n  was not completely r e a l i s t i c  i n  t h a t  i n  p r a c t i c e  

the  p a r t i c l e s  a r e  not known t o  be i n i t i a l l y  centered  i n  the RBE c o i l s  and 

the  time dependence may not  have been appropriate.  The f i e l d  d i s t r i b u t i o n  

may a l s o  be inaccura te  due t o  end e f f e c t s  and eddy c u r r e n t s  i n  the vacuum 

chamber. I t  i s  a l s o  known t h a t  the  n  value o f  the  f2osmotron i s  not  cons tant  

over  a  very l a r g e ' r a d i u s  s o  t h a t  the  l i n e a r ' m a t r i x  method i s  not  too  good. 

~ n y w a ~ ,  the r e s u l t s  show an e f f e c t  which may be modified q u a n t i t a t i v e l y  

but not  removed by more soph i s t i ca ted  analysis .After  many revolut ions,  the  

p a r t i c l e s  a r e  g r e a t l y  spread out  i n  be ta t ron  o s c i l l a t i o n  phase space.. This  

'. is not  a  v io la t ion ,  of  L iouv i l l e ' s  Theorem bu't a  d r a s t i c  d i s t o r t i o n  of  the 

boundary o f  the  occupied por t ion  of  phase space. 

From these  r e s u l t s ,  i t  was conjectured t h a t  the  be ta t ron  

o s c i l l a t i o n s  have been made e s s e n t i a l l y  l a r g e r  requi r ing  more t r a v e r s a l s  

o f  the  jump t a r g e t  l i p  f o r  beam e x t r a c t i o n  and thus ,  through mul t ip le  

s c a t t e r i n g ,  inc reas ing  the  emittance o f  the  beam and impairing i ts  match .. . 

of  the . success ive  opt ics .  I t  i s  known from some o t h e r  work t h a t  the  beam 

e f f i c i ency  is decreased by excessiwe. be ta t ron  o s c i l l a t i o n s .  With t h i s  model 

i n  mind, the .proposa1 was the re fo re  made t o  inc rease  t h e  spacing of the  

t u b s  i n  the RBE thus making the  f i e l d  more uniform 'and preventing t h i s  

d i s t o t t i o n  o f  t h e  be ta t ron  o s c i l l a t i o n  d i s t r i b u t i o n .  Experimentgl w6rk 

on t h e  RBB was i n t e r r u p t e d  by the long shutdown f o r  i n s t a l l a t i o n  of  new 

s t r a i g h t  sec t ions .  Recently a  new RBE was i n s t a l l e d  having two t u r n  top  

and bottom c o i l s  with a  r a d i a l  separa t ion  of  22 inches  i n s t e a d  of the 7.5 

i n c h e s  used i n  the  o l d  configurat ion.  With the  same energy ava i l ab le  i n  t h e  

puls ing  condensers, one expects  a  lower f i e l d  i n  the  RBE but no d i f f i c u l t y  

has  been' experienced. i n  t a rge t ing  the  e n t i r e  beam a t  f u l l  ~ o s m o t r o n  energy. 

I t  has  a l s o  been shown t h a t  the,  e j e c t i o n  e f f i c i ency  o f  ex te rna l  beam I i s  
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the  same with and without the  RBE. I n  Table I a r e  shown some d a t a  

taken using the  new Beryllium f o i l  monitor(3) f o r  the ex te rna l  beam 
' 

i n t e n s i t y .  

TABLE I 

Cosmot ron Energy RBE No. of  Pulses  External  Beam I n t e r n a l  Beam Rat io  - - 
Bev - 
20 2 O f f  15  2695 580 4.65 

2.9 O f f  10  1675 546 3007 

For these  d a t a ,  beam I opera t ing  a t  b e t t e r  than ,30% e j e c t i o n  
e f f i c i e n c y  was used. I n  RBE cases ,  the beam not contained i n  the f a s t  s p i k e  
was es t imated  less than 10%. I n t e n s i t y  measurements here  a r e  i n  a r b i t r a r y  un i t s .  

These r e s u l t s  i n d i c a t e  t h a t  the  s o l u t i o n  of  t h i s  problem i s  complete. 

I t  should be pointed out ,  however, tha t  with the  new s t r a i g h t  s e c t i o n s  i n  the  

Cosmotron, the  genera l  magnetic p r o p e r t i e s  o f  the  machine have been much 

improved and the  new RBB design may not b the  so le  reason f o r  i t s  improved 

I t  is bel ieved a t  the  time o f  t h i s  wr i t ing  t h a t  the  RBE e j e c t s  the 

beam with good e f f i c i e n c y  and no f u r t h e r  work or study o f  t h k s  problem i s  

contempla ted. 
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FIGURE CAPTIONS 

Figure 1. This  f i g u r e  shows the  r a d i a l  and v e r t i c a l  d i s t r i b u t i o n s  

o f  p a r t i c l e s  a t  the  ent rance  t o  the  e j e c t i o n  magnet Y .  
Figure 2. This f i g u r e  shows a r e p e t i t i o n  o f  the  d a t a  o f  Fig. 1 but  

the  r e s u l t s  are not i n  agreement. 

Figure 3. This  f i g u r e  shows the  r a d i a l  d i s t r i b u t i o n  .of p a r t i c l e s  a t  

4 with the  RBI. 

Figure 4 .  The t r a j e c t o r y  .of a  p a r t i c l e  with no i n i t i a l  be ta t ron  

o s c i l l a t i o n  i s  shown f o r  twelve revolut ions  sub jec t  t o  an 

RBB f i e l d  l i n e a r  i n  time and uniform i n  radius. The time 

dependence of  the RBE was sca led  u n r e a l i s t i c a l l y  large but  

the  problem is l i n e a r  s o  t h a t  the co r rec t ion  t o  the r e s u l t s  

i s  a t r i v i a l  s c a l e  f ac to r .  

Figure 5. This  f i g u r e  i l l u s t r a t e s  a  typ ica l  r e s u l t  showing t h a t  the  

shape o f  the  d i s t r i b u t i o n  of  p a r t i c l e s  i n  be ta t ron  

o s c i l l a t i o n  phase space i s  preserved. The RBE f i e l d  was one 

' h a l f  a s  s t rong a s  Fig. 4. but still about twice a s  l a r g e  a s  

the  a c t u a l  RBE case, Again, however, the  problem is l i n e a r  



and can be sca led  a t  w i l l .  The q u a i  t a t i v e  r e s u l t s  a r e  

v a l i d  f o r  a l l  s t r a i g h t  sec t ions  ( a c t u a l l y  the North is 

p l o t t e d  here)  and a l l  revolut ions.  

Figure 6 .  ( i n  two pa r t s ) .  Here the.  same d i s t r i b u t i o n  o f  p a r t i c l e s  a s  

i n  Fig. 5 i s  followed through an RBE with the  c o r r e c t  r a d i a l  

dependence. The problem i s  no longer l i n e a r  so the  r a t e  of . 

r i s e  i n  time of  the  RBE f i e l d  was sca led  t o  a  r e a l i s t i c  value. 
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