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P r i n c i p l e  (F ig .  1 )  

A s  i n d i c a t e d  i n  a  p r e v i o u s  p a p e r , '  

i t  seeme p o s s i b l e  t o  i n j e c t  a  charged  

p a r t i c l e  beam up t o  t h e  c e n t e r  of  a  cyclo-  

t r o n  i n  t h e  median p l a n e  of t h e  machine. 

I t  i s  n e c e s s a r y  t o  c a n c e l  t h e  L o r e n t z  

f o r c e  a t  e v e r y  p o i n t ,  i .e.  t o  compensate 

t h e  magne t ic  f o r c e  by a  p r o p o r t i o n a l  e l e c -  

t r i c  f i e l d  E ,  p e r p e n d i c u l a r  t o  t h e  magne- 

t i c  f i e l d  B  and t o  t h e  d i r e c t i o n  of t h e  

t r a j e c t o r y  r 
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where r would be t h e  r a d i u s  of c u r v a t u r e  
0 

of t h e  p a r t i c l e  i n  t h e  f i e l d  B ( w i t h o u t  

e l e c t r i c  f i e l d )  f o r  t h e  k i n e t i c  energy  

W k i n ,  which depends on t h e  l o c a l  p o t e n t i a l  

s e e n  by t h e  p a r t i c l e .  

I f  ( 1 )  i s  n o t  e x a c t l y  f u l f i l l e d ,  one 

can o b t a i n  a  curved path .  I f  a  s t r a i g h t  

p a t h  i s  d e s i r e d ,  t h e  h a m i l t o n i a n  shows 

t h a t  t h e  o r b i t s  a r e  s t a b l e  i n  t h e  ( y ,  e )  

p l a n e  p e r p e n d i c u l a r  t o  t h e  mean e q u i l i -  

brium o r b i t ,  i f  X 

T h i s  i n d i c a t e s  t h a t ,  even f o r  a  

c o n s t a n t  magne t ic  f i e l d ,  t h e  e l e c t r i c  

f i e l d  h a s  t o  be  v a r i e d  i n  t h e  p l a n e  per-  

p e n d i c u l a r  t o  t h e  mean d i r e c t i o n  of  t h e  

beam, and t h u s  ( 1 )  can be v e r i f i e d  o n l y  

a t  one " p o i n t t t  i n  t h e  ( y , z )  p l a n e  ( t h e  

e q u i l i b r i u m  o r b i t ) .  The i n e q u a l i t i e s  ( 2 )  

and ( 3 )  i n s u r e  r e s p e c t i v e l y  v e r t i c a l  and 

h o r i z o n t a l  f o c u s i n g .  For  low speeds  ( a  

few k e ~ )  one can a lways n e g l e c t  t h e  magne- 

t i c  t e rms  and u s e  ( 1 )  t o  s i m p l i f y  t h e s e  

e q u a t i o n s  : 

These i n e q u a l i t i e s  d e f i n e  t h e  

" r e g i o n  of  s t a b i l i t y "  of  t h e  system. 

R e a l i z a t i o n  

We used  t h r e e  d i f f e r e n t  sys tems  

whose c r o s s - s e c t i o n s  (y-z) a r e  g i v e n  i n  

f i g u r e  2. The f i r s t  one i s  made by two 

p l a t e s  (f) and two b a r s  which a l l o w  u s  t o  

o b t a i n  a  l a r g e  r e g i o n  of s t a b i l i t y  (AB on 

f i g .  2 ) .  T h i s  system u n f o r t u n a t e l y  cannot  

be used f o r  a machine i n  which t h e  z  = 0  

p l a n e  must be k e p t  f r e e  f o r  t h e  a c c e l e r a -  

t e d  beam. The two o t h e r  sys tems  f u l f i l  

t h i s  c o n d i t i o n .  
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9000 gauss .  Onesees on f i g u r e  3 v e r y  mar- 

ked o s c i l l a t i o n s  f o r  t h e  d e t e o t e d  i n t e n -  

s i t y  which i n d i c a t e  t h a t  t h e  mean 

" s t r a i g h t n  p a t h  i s  n o t  o b t a i n e d .  I t  seems 

t h a t  s m a l l  f i e l d  d e f e c t s  ( g e n e r a l l y  a t  t h e  

e n t r a n c e  t o  t h e  f i e l d )  a r e  enough t o  

e x c i t e  c o h e r e n t  o k c i l l a t i o n s .  

The beam of  5.4 keV produced by a  

Van de Graaf f  t y p e  i o n i z e r  was f o l l o w e d  

by a n  E i n z e l - l e n s  ; t h e  e m i t t a n c e  a t  t h e  

e n t r a n c e  of t h e  system was r o u g h l y  10  

m i l l i r a d i a n s  X 3 mm, and t h e  i n t e n s i t y  

was 6-8 ?A. A v a r i a t i o n  of  2 3  mm around 

t h e  optimum p o s i t i o n  a t  t h e  e n t r a n c e  pro- 

duced a  30$ d e o r e a s e  of  t h e  i n t e n s i t y .  

Taking i n t o  accoun t  t h e  d i f f i c u l t i e s  r e -  

s u l t i n g  from t h e  p e r t u r b a t i o n s  i n t r o d u c e d  

by t h e  d e t e c t o r  i t s e l f ,  t h e  t r a n s m i s s i o n  

f a c t o r  seems g r e a t e r  t h a n  20%. F i g u r e  4 

shows t h i s  system. 

2. The second system d i d  n o t  g i v e  

good r e s u l t s ,  p robab ly  because  t h e  r e g i o n  

of s t a b i l i t y  was t o o  s m a l l  t o  be compati-  

b l e  w i t h  even s m a l l  d e f e o t s  i n  t h e  e n t r a n -  

c e  channel .  The beam was l o s t  a f t e r  21 cm. 

3. The t h i r d  one w i l l  be  soon rea -  

l i z e d  and s h o u l d  g i v e  b e t t e r  r e s u l t s ,  t h e  

s t a b i l i t y  a r e a  b e i n g  s i m i l a r  t o  t h a t  of 

t h e  f i r s t  one. We s h a l l  a l s o  improve t h e  

e n t r a n c e  channe l  of  t h e  system t o  a v o i d  

o s c i l l a t i o n s  of l a r g e  ampli tude.  
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Figure 3. Figure 4. 

DISCUSSION 

GRUNDER: How big i s  the emittance of the 
polarized ion source? 

BEURTEY: Our ionizer i s  ve ry  s imilar  to that 
of Glavish. 
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