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SELF - FOCUSING ION LINAC. 

V.A.Teplyakov , A . P . M a l t s e v , S.M.Ermakov, 

V . B . S t e p a n o v , B.K.Shembel . 

A l o t of a t t e m p t s have been made t o u s e t h e a c c e l e r a t i n g 

f i e l d of t h e l i n a c f o r f o c u s i n g . I n p a r t i c u l a r , Y a . B . F a i n b e r g 

s u g g e s t e d an a l t e r n a t i n g p h a s e f o c u s i n g /1/ and V . V . V l a d i m i r s k i -

- a f o c u s i n g by means of r . f . q u a d r u p o l e s / 2 / . The r . f . q u a d r u -

p o l e f i e l d i s formed e i t h e r w i t h f i n g e r s i n gaps / 2 / o r w i t h 

r e c t a n g u l a r a p e r t u r e t u b e s / 3 , 4 / . D r i f t t u b e s f o r t h e s e l f -

f o c u s i n g f i e l d / Φ y π / a r e a t t r a c t i v e w i t h i t s c o n s t r u c t i v e 

s i m p l i c i t y . However, i n f i r s t works / 2 - 4 / i t c o u l d n ' t o b t a i n 

enough e f f e c t i v e f o c u s i n g . The e s s e n t i a l p r o g r e s s was a c h i e v e d 

only after appearing the idea of "double gap" /5/ in H-cavity /6/. 

A n o r m a l i z e d a c c e p t a n c e more t h a n 1 mrad'cm was succeded a t 

s p e c i f i c a c c e l e r a t i o n r a t e of 2 . 7 • 1 0 - 3 and gap e f f i c i e n c y n o t 

less than 0.85 /7/ (See table). 

A s c e t c h of t h e doub le gap i s shown i n f i g . l . The gap h a s 

an i n t e r m e d i a t e e l e c t r o d e . The f i e l d h a s an a x i a l l y - s y m m e t r i c a l 

component i n one h a l f of t h e gap and a quadrupo le component i n t h e 

o t h e r o n e . A t o t a l l e n g t h of t h e d o u b l e gap i s n e a r l y t h e 

same a s i n c o n v e n t i o n a l a c c e l e r a t o r , so t h e gap e f f i c i e n c y 

/ t r a n s i t - t i m e f a c t o r / i s h i g h enough. The a m p l i t u d e and p h a s e s 

of t h e a c c e l e r a t i n g a x i a l l y - s y m m e t r i c a l components and t h e 

f o c u s i n g quad rupo le one must have a d e f i n i t e r e l a t i o n / d e p e n d i n g 

on t h e gap geometry o n l y / , which p r o v i d e t h e b e s t f o c u s i n g of 

p a r t i c l e s , s t a b l e w i t h a l o n g t i t u d i n a l movement. Under a l i m i t e d 

f i e l d s t r e n g t h , a v o l t a g e of t h e gap i s d e t e r m i n e d w i t h a 

d i s t a n c e be tween t h e f i n g e r s and i t w i l l be p r o p o r t i o n a l t o 

t h e a p e r t u r e r a d i u s H. The quad rupo le component g r a d i e n t i s 

p r o p o r t i o n a l t o 1/R. The doub le gap p e r m i t s t o i n c r e a s e t h e 

g r a d i e n t and t h e gap e f f i c i e n c y , k e e p i n g a n e n e r g y g a i n . The 

energy g a i n i n t h e doub le gap i s t w i c e s m a l l e r t h a n i n t h e 

a c c e l e r a t o r w i t h t h e a x i a l s y m m e t r i c a l f i e l d ( w i t h t h e same 

a p e r t u r e ) due t o t h e a d d i t i o n a l e l e c t r o d e and f i n g e r s . The 

h i g h s p e c i f i c a c c e l e r a t i o n r a t e i s a c h e i v e d when i n c r e a s i n g t h e 

number of t h e doub le gaps p e r u n i t l e n g t h ( a n d t h e i r c o r r e s p o n d ­

i n g p h a s i n g ) . 

I t ' s q u i t e enough t o p l a c e two doub le g a p s p e r βλ and 

shift their phases by π in the accelerator up to β =0.3. 

The accelerating systems with such "shunt" connections of the 

gaps was used e a r l i e r . So B.K.Shembel and A.A.Naumov s u g g e s t e d 

v a r i o u s t y p e s of c o a x i a l r e s o n a t o r s . The c a v i t i e s w i t h a n o n -

- u n i f o r m f i e l d a l o n g t h e c a v i t y / 8 , 9 / were a l s o i n v e s t i g a t e d . 

H - c a v i t y h a s some a d v a n t a g e s from t h o s e s u g g e s t e d e a r l i e r ( f i g . 2 ) . 

I n f a c t , i t i s a t u r n of a v e r y wide t a p e p l a c e d i n a c y l i n d r i c a l 

s h i e l d . The d r i f t t u b e s ( t h e i r a s s e m b l i n g i s shown i n f i g . ) a r e 

t h e c a p a c i t y l o a d of t h e t u r n - c a v i t y . A r e s o n a n c e f r e q u e n c y of 

t h e c a v i t y i s d e t e r m i n e d by i t s d i a m e t e r and i s i n d e p e n d e n t on 

t h e l e n g t h . The v o l t a g e i n a l l gaps i s e q u a l . Ou te r d i a m e t e r of 

H - c a v i t y i s 3-5 t i m e s s m a l l e r t h a n a d i a m e t e r of a vacuum t a n k 

of A l v a r e z c a v i t i e s . The dependence of t h e a c c e l e r a t i n g s h u n t 

impedance on β f o r H - c a v i t y of n o n - p o l i s h e d c o p p e r and 

A l v a r e z c a v i t y ( t h e l a s t dependence i s computed a c c o r d i n g t o / 1 0 ) 

i s compared i n f i g . 3 . 

The c o m p u t a t i o n of two v a r i a n t s of i o n l i n a c ( s e e t a b l e ) 

w i t h u s i n g Φyπ and a c c e l e r a t i n g sys t em was made. From t h e 

t a b l e i t c a n be s e e n t h a t t h e main " a c c e l e r a t i n g " c h a r a c t e r i s t i c s 

of p r o t o n a c c e l e r a t o r , namely : c u r r e n t s p e c i f i c a c c e l e r a t i o n 

r a t e , w a v e l e n g t h , n o r m a l i z e d a c c e p t a n c e of t h e c h a n n e l were 

chosen so a s i n CERN i n j e c t o r / 1 1 / o r Serpukhov one / 1 2 / . But 

t h e i r c o n s t r u c t i o n s a r e v e r y d i f f e r e n t . The d r i f t t u b e s a r e of 

s i m p l e m e t a l c o n s t r u c t i o n s . The power s u p p l y sy s t em of magnet 

l e n s e s i s n o t n e c e s s a r y now. The c a v i t y d i a m e t e r i s abou t 4 

times less, the number of vacuum sealings decreased too. 

As a r e s u l t , t h e p r o t o n a c c e l e r a t o r i s r a t h e r l i k e an e l e c t r o n 

linac. 

TABLE 

P a r a m e t e r s 

Energy Mev/nuclon 

Wavelength , m. 

Length , m. 

S p e c i f i c a c c e l . r a t e 

F i e l d s t r e n g t h i n 
g a p , kv/cm 

Synchronouse p h a s e 

P r o t o n l i n a c : 

F i r s t s e c t i o n 

0 . 6 - 5 . 0 

4 

4 . 9 

3 . 1 4 • 1 0 - 3 

78 

30° 

b a s i c s e c t . 

5 . 0 - 4 9 . 5 

2 

34.3 

2 . 7 • 1 0 - 3 

110 

30° 

Heavy i o n l i n a c 

F i r s t s e c t . B a s i c 
s e c t . 

0 . 1 5 - 2 . 4 

6 

2 0 

2 . 4 - 4 0 

3 

165 

0 . 2 • 2 . 7 • 1 0 - 3 

65 

30° 

90 

30° 
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Table (continuation). 

Cavity diameter 79 
cm. 
Aperture, cm. 2.0 
Focusing length βλ 
Gap efficiency 0.83 
Normalized acceptance 1.33 
mrad*cm 
Power, Mw 0.055 

38 

2.3-4.8 
2 βλ 

0.85 
1.84-2.0 

5.0 
Accelerating current 
(average per pulse) ma. 100 

105 

2.0 

βλ 
0.6-0.93 
0.38-0.5 

0.2 

20 

50 

2.0-6.0 
2 βλ 

0.72-0.96 
0.61-0.1 

20 

The output energy of a heavy ion linac is equal 40 Mev 
nuclon * 

The power losses in H-cavity are nearly the same as in cylindri­
cal one. The higher the charge-to-mass ratio, the better para­
meters of accelerator. The linac at q/M = 0.2 e/Mp can accelerate 
the ions with any relation q/M = /0.2 - 1/ e/Mp; it is necessary 
only to decrease the r.f. voltage and injection energy. 
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