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THE POLARIZED PROTONS A31D DCUTONS SOURCE FOR AXIAL I::JFCTTOF! 
INTO THE GRENORLE ISOCHRO?JOUS CYCLOTROTJ 

F. A .  R i p o u t e a u ,  R .  V. T r i p i e r  
L a b o r a t o i r e  d e  Phys ique  !JuclEaire  

U n i v e r s i t E  de Grenoble  

A 50 kV p o l a r i z e d  p r o t o n s  and 
d e u t o n s  s o u r c e  f o r  a x i a l  i n j e c t i o n  i n t o  
t h e  Grenoble  i s o c h r o n o u s  c y c l o t r o n  i s  
b e i n g  c o n s t r u c t e d .  We u s e  a K e l l e r  ( 1 )  
d i s s o c i a t o r ,  a S t e r n - G e r l a c h  s e x t u p o l e  
g i v i n g  a b o u t  1016 a t o m s / s ,  a  Abragam ( 2 )  
RF t r a n s i t i o n  s y s t e m  which a r e  now c l a s s i c a l ;  
b u t  t h e  a x i a l  i o n i z e r  i s  new w i t h  a 30 mA 
o s c i l l a t i n g  e l e c t r o n  beam which would g i v e  
( 3 ) ,  4Ocm a l o n g ,  a b o u t  1 5 e f f i c i e n c y .  
The f u l l  s i z e  p r o t o t y p e  would be  o p e r a t i n g  
i n  a  few months,  and t h e  p o l a r i z e d  i o n  
s o u r c e  ( f i g . 1 )  w i l l  be  p u t  t o g e t h e r  w i t h  
t h e . a x i a 1  i n j e c t i o n  sys tem ( 4 )  i n t o  t h e  
c y c l o t r o n  now i n  p r o g r e s s .  

The K e l l e r  d i s s o c i a t o r  - 
The atoms a r e  produced by d i s -  

s o c i a t i o n  o f  m o l e c u l e s  i n  a e l e c t r o d e l e s s  
d i s c h a r g e .  The plasma i s  formed by a RF 
f i e l d  (27IIc /s)  t o  which i t  i s  c a p a c i t i v e l y  
coup led  ; t h e  match ing  i s  a c c u r a t e l y  done 
by two c y l i n d r i c a l  s i l v e r  e l e c t r o d e s ,  
u s i n g  ( f i g . 2 )  e a p a c i t y  C l .  The optimum 
g a s  p r e s s u r e  i n t o  t h e  d i s c h a r g e  t u b e  ( f i g . 3 )  
i s  a b o u t  0.4mfi1g(d 5mmHg a t  4Ocm Trom t h e  
b u l b s ) .  The h i g h  i n t e n s i t y  beam ( f i g . 8 )  
i s  produced by u s i n g  a  s p e c i a l l y  shaped 
( 5 )  n o z z l e  ( @ g  2,lmm), a s s o c i a t e d  w i t h  a  
02% 3mm p e e l e r  and a  09 4nm h o l e  j u s t  
b e f o r e  t h e  s e x t u p o l e  magnet.  

The S t e r n - C e r l a c h  magnet - 
The s e x t u p o l e  ( f i g .  4 )  n a g n e t  

(LY 50 cm) b u i l t  ( 6 )  f o r  f o c u s i n g  atoms 
w i t h  d i f f e r e n t  s p e e d s  h a s  rouP,hls t h e  
same f i e l d  c o n f i k u r a t i o n  as that"  of  n e u r t e y  
( 7 ) .  The p o l e  t i p  r a d i u s  t a p e r s  ( f i g . 3 )  from 
3 mm t o  7 ,5  mm a t  t h e  midd le ,  which i s  t h e  
b e g i n n i n g  o f  t h e  s t r a i g h t  p a r t  o f  t h e  gap.  
A 8kG p o l e  t i p  f i e l d  and a 26 kG/cm f i e l d  
g r a d i e n t  i s  o b t a i n e d .  The optimum a t o m i c  
beam i n t e n s i t y  ( f i g . 8 ) ,  measured i t h  a  
compress ion  t u b e  i s  a b o u t  0.8.101W a t o m s / s  
b e h i n d  t h e  s e x t u p o l e  ( n o  v a r i a t i o n  was 
o b s e r v e d  u n t i l  t o  50 cm) ; t h e  beam s i z e  
v a r i e d  f rom 0 a 5  mm a t  1 0  cm t o  027mm 
a t  50 cm. When t h e  g a s  f low i s  g r e a t e r  
( f i g . 8 )  t h a n  4 t o r r . 1 . s - l ,  t h e r e  i s  a 
s a t u r a t i o n  o f  t h e  pumping s y s t e m  ( t a n k  2 ) .  
The s e x t u p o l e  t e r m i n a t e d  i n  a 2-pole  mapnet 
g i v i n g  a magne t ic  f i e l d  p a r a l l e l  v i t h  t h e  
f i e l d  i n t o  t h e  RP t r a n s i t i o n  sys tem.  

The a x i a l  i o n i z e r  - 
- Tn 1.362, ;:hen P r o f e s s o r  2. 

Rouchez t a k e s  t h e  d e c i s i o n  t o  S u i l 6  a t  
t h e  l a h o r a t o r y  a  p o l a r i z e d  i o n  s o u r c c  
w i t h  h i g h  i n t e n s i t y  u s i n &  A1 ra,qar Nethod, 
vie immedia te ly  r e a l i z e  t h e  r n i n  d i f  fi - 
c u l t y  c o n c e r n s  t 3 e  v e r y  s v a l l  e f f i c i n ~ c ~  
o f  t h e  i o n i z e r .  3n t h e  s u r ~ e s t j o n  o f  
9 r .  R ~ n u c c i  ( 9 )  t o  u s e  a n  a x i a l  e l e c t r o n  
heam, a  f i r s t  ~ o d e l  ( 3 )  i s  b u i l t  : a 
750 m A ,  1200 eV e l e c t r o n  b e a r  was c o n f i -  
ned by a n  800 G a x i a l  n a g n e t i c  f i c l c ? ,  
b u t  a s  t h e  e l e c t r o n s  arere Froclucc6 f r o r .  
a  P i e r c e  ( 1 0 )  c a t h o d e  on a  l a r g e  r a d i u s  
(g 3,5 cm) t h e  e l e c t r o n  beam war- a c n u l a r  
and d i d  n o t  fill t h e  it??clc a r e a  ( 2 c n 2 )  
o f  t h e  a t o m i c  b e a ~ .  

- A f t e r  s t i r u l a t i n g  d i s c u s s i o n s  
w i t h  D r .  ' r l .  3 .  Poirel l ,  B.T,. Rcece anu 
S .  W .  Oh a t  U n i v e r s i t y  of Birvinpb?fiL, 
where a n  a x i a l  i o n i z e r  iJas i n d e p e n d e n t l y  
r e a l i z e d ,  ire b u i l t  a  secone  n o d c l  5 u t  
w i t h  an 30 mA o s c i l l a t i n g  (9) e l e c t r o n  
beam b e t l ~ e e n  ( f i g . 7 )  P 1  and R2, and r r i t ' .  
a P i e r c e  c a t h o d e  u s i n g  a  s m a l l c r  ( 2 . 5 ~ ~ )  
r a d i u s .  

- IJow t 3 e  e l e c t r o n  bean  f i l l s  
t h e  a r e a  n e a r  t h e  a x i s  o f  t h o  a t o r i c  
beam. The t h e o r e t i c a l  e f f i c i e n c y  ( 3 ) ,  
a f t e r  t h e  c h a r a c t e r i s t i c s  of  t h e  e l e c t r o n  
beam ( L& 40 cm, V 5 6 0 0  v o l t s )  i s  abou t  
1 g ,  The measurenen t s  a r e  i n  p r o p r e s s .  
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( L a b o r a t o i r e  de  Phys ique  Mucl6a i re  1 9 6 4 ) .  

7 - R .  B e u r t e y  - ThSse P a r i s  1965.  
The Abragam RF s y s t e m  - 8 - P r i v a t e  communication - D r .  Renucci  
PIow vre a r e  p r e p a r i n g  t h e  i s  now a t  U n i v e r s i t y  o f  Nice .  

deu ton  beam u s i n g  t h e  t r a n s i t i o n s  ( f i ~ . 6 )  
between t h e  hnf l e v e l s  o f  t h e  d e u t e r i u m  9- S.W. 011, 1965 ANL 7118. 

A- - 
ground s ta te .  These t r a n s i t i o n s  w i l l  be  
induced  by two RF f i e l d  s w i t c h e d  on and 
o f f  a l t e r n a t i v e l y .  

1 0  - J .R.  P i e r c e  - Theory and d e s i g n  o f  
e l e c t r o n  beams - Van Nos t rand  195b.  
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RIPOUTEAU AND TRIPIER:  POLARIZED PROTON AND DEUTERON SOURCE 

I Figure 1. I 

I Figure 2. 1 

APPROXIMATE CROSS S E C m  
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Figure 3. 
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Figure 5. 

Figure 6. Errergy level diagmn of the 
atanic deuterium in a magnetic field. 

Figure 7. 
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Figure 8. 
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