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The ORIC ex t r a c t i o n  system u t i l i z e s  both e l e c t r o s t a t i c  and magnetic channels. The 

decision w a s  made to eortract the beam before the vr = 1 region because of the 

poss ible  beam de te r io ra t ion  and the d i  ff icul  t y  of maintaining isochronism f o r  75 MeV 

protons. The use of an  e l e c t r o s t a t i c  channel alone, f o r  these condit ions,  would have 

required very high po ten t i a l  gradients.  The p o s s i b i l i t y  of high po ten t i a l  gradients  

c rea t ing  operating i n s t a b i l i t y  due t o  e l e c t r i c a l  breakdown led t o  the choice of a 

combination of e lec  t r o s t a t i c  and magnetic channe 1s. 

Two magne t i c  channels have been developed t o  f u l f i l  the demanding requirements 

of t ranspor t ing variable-energy p a r t i c l e s  across  the  ORIC f r inge  f i e l d .  One, a 

coaxia l  channel w i t h  a high-magnetic f i e l d  gradient  so a s  t o  accept the def lec ted 

beam from the e l e c t r o s t a t i c  channel wi th  only 2 cm separa t ion from the  o i rcu la t ing  

beam; the  other,  a n  electromagnetic compensated i ron  channel designed to  provide a 

variable-magne t i c  f i e l d  i n  the def lec ted beam region while providing f i e l d  cancel- 

l a t i o n  external ly .  The general arrangement of the ext ract ion system i s  shown i n  

Fig. 1. 

The e l e c t r o s t a t i c  ohannel shown adjacent t o  the dee is 77 cm long, or  56' i n  

azimuth. The present  system uses a water-cooled aluminum def lec to r  e lec t rode and a 

0.8 mm thick graphi te  septum. Operating a t  60 kV across  a gap of 1 - 1.5 cm, design 

value f o r  75 MeY p o t o n s ,  t h e  e l e c t r o s t a t i c  d e f l e c t o r  w i l l  provide a separation of 

about 2 cm between the  c i r c u l a t i n g  and de f lec ted  beams. 

The second element, the coaxial  magnetic channel, achieves a f i e l d  reduction of 

4 kG i n  a r a d i a l  d i s t ance  of 3 mm, over an  azimuthal length of 22 cm. The bas ic  con- 

f i g u r a t i o n  of the conductors is t h a t  of a coaxial  transmission l ine .  In  the  ideal  

coaxia l  conductor there  i a  no leakage f i e l d  outside the conductors ( i n  the c i r c u l a t -  

i n g  beam region) ,  and the re  is a s t rong  c i r c u l a r  magnetic f i e l d  i n  the  region between 

the conductors ( i n  the def lec ted beam space). A modification of t h i s  basia design 

produces a region of near ly  uniform f i e l d  f o r  the def lec ted beam with very l i t t l e  

disturbance outs lde  t h i s  region, regardless  of magnet exc i t a t ion  o r  channel current .  

Fig. 2 shows the arrangement of the coaxial  conductors. The drawing is a sec t ion  

through the ohannel. The inner and outer conductors a re  formed by 48 wedge-shaped 

(*) On leave from Rutherford High-Energy Laboratory. 

(a* )  Operated f o r  the USAEC by the  Union Carbide Corporation. 
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Fig. 1 A cross-section of the ORIC cyclotron showing the arrangement of the extraction system. 
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Fig. 2 A schematic cross-section of the coaxial channel with curves showing the 
magnetic f i e ld  gradient without and with the insert. 
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Pig. 3 Part ial  assembly of the 8 18  wedge-shaped ooaxial conductors. 

~ i g .  /, Conxinl ~luqnet ~n vaeuun container with 
the rneuum ibcllors for the current leads. 

Pig. 5 Coaxial magnet i n  vnouurn containor with Fig. 6 Cornpenantad iron channel. 
the inser t  ins ta l l ed .  
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copper elements connected i n  s e r i e s  so t h a t  the c u r r e n t  makes mul t ip l e  t r a v e r s a l s ,  

y i e l d i n g  about 220,000 ampere turns .  I f  the inne r  and ou te r  s e r i e s  of conductors 

were s y m e  t r i c a l  i n  azimuth, the  magnetic f i e l d  o u t s i d e  the channel would be zero. 

However, i t  i s  necessary  t o  provide an  opening f o r  t h e  d e f l e c t e d  beam. This was done 

by leaving  out  a s e c t o r  of both the inne r  and o u t e r  conductors about  45'. This  

arrangement produces a f i e l d  g rad ien t  as shown by the  dashed l i ne .  The r e l a t i v e l y  

l a rge  s e e t o r  was removed t o  permit i n s t a l l a t i o n  of an i n s e r t .  This  i n s e r t  r e -  

e s t a b l i s h e s  most of t h e  symmetry so  t h a t  the e n t i r e  ohannel produces a  f i e l d  gradient  

as shown by the s o l i d  l i n e .  The i n s e r t  i s  expendable and can be removed i n  case  of 

damage, or  i t  can be shaped t o  provide r a d i a l - f i e l d  g rad ien t  i n  e i t h e r  d i r e c t i o n .  

Fig. 3 shows the  p a r t i a l l y  assembled concent r ic  conductors. Fig. 4 shows the 

assembly i n s i d e  a vacuum-tigh t aluminum conta iner .  The channel leads  a r e  brought 

through a bellows i n  o rde r  t o  maintain a  vacuum sea l .  The channel w i th  i n s e r t  i s  

s h m n  i n  Fig. 5. The i n s e r t  is not enclosed i n  the  vacuum conta iner .  

Tlie t h i r d  element, a compensated i r o n  channel, w i l l  a l s o  opera te  over  a  wide 

range of f i e l d s .  A t e s t  model of t h i s  channel which g ives  f i e l d  reduct ion  of 6 kG 

is  shown i n  Big. 6. The f i n a l  ve r s ion  w i l l  be enclosed s i m i l a r l y  t o  the  coaxia l  

channel. I t  i s  b a s i c a l l y  a rec tangular  i r o n  p ipe  w i t h  a c u r r e n t  shee t  between the 

i r o n  and the c i r c u l a t i n g  beam to compensate, i n  the  c i r c u l a t i n g  beam region ,  f o r  

e f f e c t  of i ron .  The c u r r e n t  shee t  g ives  a  f u r t h e r  r educ t ion  t o  t h e  f i e l d  i n  the  

deflected-beam region,  as does the re turn-current  path. The i r o n  occupies approx- 

imately one-half the magnet gap and thus s a t u r a t e s  a t  r e l a t i v e l y  low f i e l d s .  There- 

fo re ,  one c u r r e n t  s e t t i n g  i n  t he  outs ide  c u r r e n t  shee t  w i l l  g ive undisturbed f i e l d  

i n  t h e  c i r c u l a t i n g  beam r e g i o n  from about 2% energy to  f u l l  energy. 

Since t h e r e  is a s i n g l e  p r e f e r r e d  beam path  f o r  a l l  cond i t ions  of opera t ion ,  

the f i e l d  i n s i d e  the channel must be maintained propor t ional  t o  the cyc lo t ron  f i e l d .  

To achieve t h i s  condi t ion ,  an a d d i t i o n a l  p a i r  of c u r r e n t  s h e e t s  i s  placed i n s i d e  the  

i r o n  pipe. These have a r e l a t i v e l y  small inf luence  on the f i e l d  outs ide  the channel. 

By c o n t r o l l i n g  two c u r r e n t s  the des i r ed  f i e l d  can  be achieved i n s i d e  the ohannel with- 

o u t  d i s t u r b i n g  the  f i e l d  f o r  t he  c i r c u l a t i n g  beam. A d e s i r e d  f i e l d  g rad ien t  can be  

incorpora ted  i n t o  t h e  channel by proper d i s t r i b u t i o n  of the i r o n  and conductors. The 

compensated i r o n  channel i s  e a s i e r  t o  b u i l d  and uses  l e s s  power than the coax ia l  

channel,  but  r e q u i r e s  a l a r g e r  orbi  t sepa ra t ion  at the  entrance.  

A s  shown i n  Fig. 7, the  beam c rosses  the major po r t ion  of the  f r i n g e  f i e l d  a t  

near ly  r i g h t  angles  t o  the contour l i nes .  This  provides a d e f l e c t e d  beam path  wi th  

a  minimum energy d i spe r s ion  and angular  divergence. The magnetic channels, as now 

i n s t a l l e d ,  w i l l  uniformly lower the base f i e l d  a long the d e f l e c t e d  beam path;  how- 

ever ,  coaxia l  and compensated i r o n  channels can be cons t ruc ted  w i t h  a  f i e l d  g rad ien t  

t o  provide a strong-focusing system. 
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DISCUSSION 

BLOSSER : What i s  t h e  power consumption f o r  t he  d i f f e r e n t  channels? 

JONES : I n  the coaxia l  channel a 5 kQ reduct ion  i n  the  f i e l d  r e q u i r e s  about  200 kW, 
t h a t  is  f o r  a length  of 25 cm. The i r o n  channel,  f o r  a length  of 1 RI and a f i e l d  
r educ t ion  of about  6 kG r e q u i r e s  about  75 kW. 

GRUNDW : Your bean i s  not  energy analysed by the f r i n g i n g  f i e l d ?  Is t h i s  co r r ec t ?  

JONES : This is co r rec t .  We p r e f e r  not  t o  do t h i s  because of the beam divergence 
given by the  non-uniform f r i n g i n g  f i e l d .  

ORUNDER : However the  f r i n g i n g  f i e l d  would improve the  energy r e s o l u t i o n  of the 
ana lys ing  system. Do you know how g r e a t  t h i s  improvement would be? 

JONES : I th ink  t h a t  t h e  de t r imen ta l  e f f e c t  of f r i n g i n g  f i e l d  on the beam divergence 
would cancel  any  improvement of the  energy resolu t ion .  
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