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CENTRAL REGION STUDIES FOR INCORPORATING 

AN AX1 AL I ON SOURCE I N THE DAV l S 76" CYCLOTRON 

L .  J. Kibbe, J. A .  Jungerman and N. F .  Peek 

The 76- inch Dav is  c y c l o t r o n  i s  e s s e n t i a l l y  a  copy o f  ORIC*, and f u l l  

s ca le  magnet ic f i e l d  measurements have shown t h a t  t h e  f i e l d s  o f  t h e  two 

machines a r e  n e a r l y  i d e n t i c a l  except i n  t h e  c e n t r a l  r e g i o n  ( a t  r a d i i  o f  less  

than  12 i n c h e s ] ' ) .  The a x i a l  i on  source o r i g i n a l l y  designed f o r  t h e  88- inch ' . 

c y c l o t r o n  a t  Berke ley2) ,  has been i n s t a l  led i n  t h e  Dav i s  machine f rom t h e  

bot tom o f  t h e  magnet.. I t  i s  con ta ined  i n  an 8  inch diameter s t e e l  p l u g  which 

passes through t h e  lower p o l e  o f  t h e  magnet. 

. Before  c o n s t r u c t i o n  o f  t h e ' D a v i s  c y c l o t r o n  began, model s t u d i e s  were made 

<W$ 
on t h e  0.275 sca le  model magnet a t  Oak Ridge t o  determine i f  a  s a t i s f a c t o r y  

R w magnet ic f i e l d  cou ld  be achieved i n  t h e  c e n t r a l  r e g i o n  u s i n g  t h e  Berke ley  i on  

source. The resu  I t s  o f  t h e  model s t u d i  es3) showed t h a t  proper  f ocus ing  cou l  d  

be achieved a t  most f i e l d  l e v e l s  by l o c a t i n g  t h e  " top"  o f  t h e  8  inch  p l u g  

6  inches from t h e  v a l l e y  f l o o r  and removing t h e  upper c e n t r a l  r i n g  shim from 

t h e  ORIC des ign.  T h i s  shim i s  shown by t h e  d o t t e d  l i n e  i n  f i g u r e  I .  However, 

i t  was n o t  p o s s i b l e  t o  opera te  t h e  model magnet a t  t h e  ex t reme ly  low (3.5 

k i l o g a u s s )  l i e l d  l e v e l s  a t  which we might  l i k e  t o  ope ra te  t h e  f u l l  s ca le  

machine. The f u l l  s ca le  magriel-ic f i e l d  measurements subsequent ly  showed a 

depress ion i n  t h e  r a d i a l  p r o f i l e  a t  low f i e l d s  which had s t r o n g  de focus ing  a  

poor r a d i a l  p r o f i l e  m igh t  be un impor tant ,  except t h a t  t h e  i o n  source p o s i t i o n  

i s  l i m i t e d  t o  a  maximum r a d i u s  o f  2.5 inches. T h i s  f o r ces  o p e r a t i o n  a t  com- 

' p a r a t i v e l y  low dee vo l t ages  (20-30 k v )  i n  o rde r  t o  cen te r  t h e  o r b i t s ,  and t h e  

ions a r e  l o r ccd  t o  s p e n d  t o o  much t i m e  i n  a  defocus. ing f i e l d .  (As ide  from 

mecllanical des ign d i f f i c u . l t i e s ,  t h e  r a d i a l  p o s i t i o r i  l i m i t a l i u l - I  i s  appa ren t l y  

Oak Ri dge I sochronous~ Cyc l o t r o n  . 



t h e  c h i e f  disadvantage o f  t h e  a x i a l  i on  source.)  

k ' i yu re  2 shows t h e  f t ~ l l  s ca le  r a d i a l  p r o f i l e s  o f  t h e  i r o n  f i e l d  r e s u l t i n g  

from t h e  o r i g i n a l  model des ign compared w i t h  t h e  p r o f i l e s  o f  our  f i n d l  des ign 

and t h e  ORlC i r o n .  (The ORlC da ta  shown i s  f rom t h e  o r i g i n a l  f u l l  s c a l e  f i e l d  

measurements and a t  p resen t  ORlC has some a d d i t i o n a l  i r o n  i n  t h e  cen te r  which 

would remove t h e  depress ions ~ h o w n . ~ ) )  The f i n a l  des ign c a l l e d  f o r  moving 

t h e  8 inch  p l u g  t o  5.5 inches from t h e  v a l l e y  f l o o r  and t o  extend t h e  caps 

t o  a length o f  3 1 / 2  i nches. These caps s a t u r a t e  a t  h i g h  leve l  s, b u t  f  i l  l  i n 

t h e  c e n t r a l  "ho le t '  a t  low f i e l d s .  The f  l u t t e r  o f  t h e  two machines i  s near l y  

i d e n t i c a l ,  b u t  t h e  i n s t a l l a t i o n  o f  t h e  Berke ley  i on  source had no d i sce rnab le  

e f f e c t  i n t h  i s regard .  

.F igure 3 shows t h e  isochronous and o p e r a t i o n a l  r a d i a l  p r o f i l e s  on which 
. . 

t h e  r e s u l t s  a r e  based. The isochronous f i e l d s  a r e  ob ta ined  w i t h  t r i m  c o i l  

s e t t i n g s  computed by a l i n e a r  program, and t h e i r  g r e a t e s t  d e v i a t i o n  from 

isochronism i s  less  t han  15 gauss i n  a l l  cases. The isochronous c o n d i t i o n s  

used as s tandards were computed w i t h  t h e  formulas o f  Smith and  aire en^). T r i m  

c o i l  number I  was used t o  p rov ide  t h e  r a d i a l  bump f o r  f ocus ing  i n  t h e  low- 

f l u t t e r  r e g i o n  t o  supplemer~t e l e c t r o s t a t i c  focus ing .  The phase excurs ions  i n  

t h e  t e s t e d  f i e  Ids  as computed by t h e  Crocker Nuclear  Labora to ry  o r b i t  code 6 

a re  shown i n  f i g u r e  4. The medium and h i g h  f i e l d  cases were r u n  w i t h  70 kv  

on t h e  dee, and t h e  low f i e l d  cases w i t h  30 kv.  I n  a l l  o f  t h e  cases t h e  f i e l d  

becomes isochronous where t h e  phase approaches zero.  The s t a r t i n g  c o n d i t i o n s  

f o r  a l l  cases were es t imated  by s t a r t i n g  t h e  i ons  on an e q u i l i b r i u m  o r b i t  o f  

12 inch  r a d i u s  and de -acce le ra t i ng  them t o  t h e  c e n t e r .  The c o n d i t i o n s  t h u s  

o b t a i  ned were used t o  s t a r t  -1 118 ions  and s l  l d a t a  shown i s ' f rom a c c e l e r a t i o n  

t e s t s .  

Emp i r i ca l  evidence ob ta ined  f rom r e c e n t  s t a r t - u p  da ta  from 42 MeV a -pa r -  

t i c l e s  stlow t h s t  t h e  beam measured a t  e x t r a c t i o n  i s  augmented by p o s s i b l y  10% 

by u s i n g  22 amps i n  t r i m  c o i l  number I  r a t h e r  t han  -145 amps. The former- 

produces t h e  c e n t r a l  r a d i a l  bump and t h e  l a t t e r  produces t h e  isochronous 

medium f i e l d  p r o f i  l e  i n  f i g u r e  5 .  F i g u r e  5 5hows the.  a x i a l  b e t a t r o n  frequency 

computed by t h e  o r b i t  code f o r  t h e  f i e l d s  s tud ied .  F i g u r e  6 shows t h e  rad . i a l  

b e t a t r o n  f requenc ies .  The p a r t i c l e s  pass th rough t h e  3 /3  resonance a t  a 

r a d i u s  o f  6-7 inches. The computer ca l cu  l a t i o n s  show t h s t  t h e  r a d i a l  osc i  l -  

l a t i o n  b u i l d - u p  a t  resononcc i s  n o t  excess ive  and soon damps t o  0.3 inch .  



We have n o t  a t tempted  t o  ob ta  i n  p a r t  i c  l  e  beams f o r  t h e  cases d  i scussed 

here  as we do n o t  p l a n  t o  d i c e l c r . a t e  p rn tons  1.1nti1 t h e  s h i e l d i n g  v a u l t  i s  

completed. However, t h e  v a l i d i t y  o f  t h e  c l a c u l a t i o n s  and magnet ic f i e l d  da ta  
t 

i s  suppor ted by t h e  f a c t  t h a t  we ob ta i ned  an i n t e r n a l  beam o f  21 MeV H  i ons  
2  

u s i n g  t h e  computed f i e l d  on t h e  f i r s t  a t t emp t .  I t  i s  b e l i e v e d  t h a t  t h e  

i n s t a l l a t i o n  o f  t h e  a x i a l  i on  source w i l l  c o n t r i b u t e  t o  r e p r o d u c i b l e  o p e r a t i o n  

as w e l l  as making p o s s i b l e  f u t u r e  a x i a l  i n j e c t i o n  t h rough  an i d e n t i c a l  8 i nch  

a x i a l  h o l e  i n  t h e  t o p  o f  t h e  magnet. 
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ION SOURCE A '  
TUBE 

FIGURE I .  

Ion source 6 c e n t r a l  reg ion  ' i ron  Sewlletry. 



DAVIS IST. DESIGN 

0 DAVIS FINAL DESIGN 
ORlC IRON 

FIGURE 2. 

Changes i n i r o n  p r o f  i les  caused by modi f i c a t  ion 

of p l u g  p o s i t i o n  and cap s i z e .  



MEDIUM FIELD (Ep833.8 M E ~ )  

RAOlUS (INCHES) 
FIGURE 3 .  

Opera t i ona l  f i e l d  p r o f i l e s  achieved 

by t r i m  co i  l adjustment. 



PHASE SLIP . 

0 LOW FIELD (Ep= 3 . 2  MEV) 
MEDIUM FIELD (Ep = 33.8 MEV) 
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Phase s l i p  f o r  computed cases. 



LOW F I E L D ( E ~ ~ ~ . L M E V )  

O. MEDIUM FIELD(Epm 33.8MEV) 
A HloH F I E L D ( E ~ ~ ~ ~ . ~ M E V )  . .  

FIGURE 5 .  

Axi.al be ta t ron  frequency. 
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FIGURE 6. 

Radi a l be ta t ron  frequency. 




