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I n t r o d u c t i o n 

The h i g h  g r a d i e n t p r e  i n j e c t o r ( Ê = K.b MV/m) 
has b e e n o p e r a t i n g w i t h the 50 MeV l i n a c and the 
PS f o r a p e r i o d o f 2 y e a r s . I n t h i s p a p e r we d e s 

c r i b e the o p e r a t i o n a l b e h a v i o u r o f the i o n s o u r c e 
and a c c e l e r a t i n g t u b e . The b e h a v i o u r o f the bean 
i n the 50 MeV a c c e l e r a t o r i s t h e n d i s c u s s e d i n t h e 
l i g h t o f r e c e n t e x p e r i m e n t s . P i n a l l y a b r i e f a c 

oount i s g i v e n o f the s t a t e o f b e a m  l o a d i n g compen

s a t i o n , and o f p l a n s f o r the f u t u r e compensa t i on 
o f l o n g beam p u l s e s r e q u i r e d b y the PS Improvement 
Programme. 

P r e  i n j e c t o r 

Duop l a smat ron I o n Source 

Some m o d i f i c a t i o n s t o the duop l a smat ron i o n 
s o u r c e [ 1 ] have b e e n c a r r i e d out s i n c e i t s i n s t a l 

l a t i o n i n 1966 i n the i n t e r e s t o f beam s t a b i l i t y 
and e a s e o f s e t t i n g  u p . 

I n t e n s i t y o s c i l l a t i o n . The o s c i l l a t i o n s i n 
beam i n t e n s i t y which were o b s e r v e d d u r i n g d e v e l o p 

ment and e a r l y o p e r a t i o n were f ound t o be s e n s i t i v e 
t o t h e magnet i c f i e l d i n the r e g i o n b e t w e e n the 
snou t and the e x p a n s i o n c u p , the a m p l i t u d e o f o s c i l 

l a t i o n d i m i n i s h i n g w i t h i n c r e a s e d f i e l d . I n o r d e r 
t o i n c r e a s e t h i s f i e l d w i t h o u t t o o much d i s t u r b a n c e 
t o the f i e l d i n the e x p a n s i o n cup i t s e l f , an a d d i t i o 
n a l c o i l was i n s t a l l e d a s shown i n dashed l i n e i n 
P i g . 1. W i t h 350 t u r n s and 100 mA the o r i g i n a l 
f i e l d d i s t r i b u t i o n ( c u r v e a ) i s m o d i f i e d t o the d i s 

t r i b u t i o n shown by c u r v e b ( The c o i l i s 8 mm l o n g 
b y 12 mm i n t . d i a m . , 24 mm e x t . d i a m . , w i t h a w i r e 
d i a m e t e r o f 0 . 3 mm). Some i n c r e a s e i n magnet i c 
f i e l d was a l s o o b t a i n e d b y hea t t r e a t m e n t o f the 
anode and snout ( a n 11% i n c r e a s e f o r a main magnet 
c u r r e n t o f 5 A ) . 

E x t r a c t i o n . A f t e r a f ew months ' r u n n i n g i t 
was f ound t h a t the b e s t r e s u l t s f rom the L i n a c were 
o b t a i n e d w i t h the s o u r c e s e t up f o r a 500 keV beam 
c u r r e n t o f 600 mA. I f t h e e x t r a c t i o n v o l t a g e i s 
a d j u s t e d t o t h e v a l u e o f 65 kV p r e d i c t e d by the 
C h l l d  L a n g m u i r l a w ( f o r a p r o t o n c u r r e n t o f 750 mA 
a l l o w i n g f o r a 80% g r i d t r a n s p a r e n c y , and a c u r r e n t 
d e n s i t y o f 0 . 2 3 8 A/cm f o r R = 1 cm) the o t h e r p a r a 

mete r s o f the s o u r c e can t h e n be trimmed t o o b t a i n 
an optimum beam. 

The e x t r a c t i o n g r i d , o r i g i n a l l y o f 0 .1 mm 
d i a m . , molybdenum w i r e , was r e p l a c e d by vacuum 
h e a t e d t u n g s t e n w i r e a b o u t a y e a r ago a s the m o l y b 

denum m e l t e d t h r o u g h on s e v e r a l o c c a s i o n s . 

A r c  P u l s e r . I n o r d e r t o i n c r e a s e t h e beam 
p u l s e l e n g t h f o r m u l t i  t u r n i n j e o t i o n w o r k , the 
s e c o n d a r y w i n d i n g o f t h e o u t p u t p u l s e t r a n s f o r m e r 
has b e e n b a c k e d o f f w i t h a DC n e g a t i v e b i a s c u r r e n t 
o f 1 A , which p e r m i t s the p u l s e t o d e l i v e r I6OO V 
f o r f i r i n g and a maximum c u r r e n t o f 100 A d u r i n g 
a 70 μs p u l s e . 

C a t h o d e . The t e c h n i q u e o f c a t h o d e manufac 

t u r e r has been s l i g h t l y m o d i f i e d by t h e a d d i t i o n o f 
0 . 5 $ c o l l o d i o n ( i n the form marke ted a s C o l l o x y l i m m ) 
t o the e m i s s i v e m i x t u r e d e s c r i b e d i n [ 1 ] . T h i s 
r e s u l t s i n a more u n i f o r m d i s t r i b u t i o n o f o x i d e on 
the n i c k e l s u p p o r t and r e d u c e s the d e p o s i t i o n o f 
o x i d e s on t h e snout and o f b a r i u m o x i d e t r a c e s i n 
the a c c e l e r a t i n g co lumn. The normal ca thode l i f e 
i s abou t 2,200 h o u r s . E v e r y 500 hour s the e m i s s i o n 
c o n d i t i o n s a r e checked by m e a s u r i n g the a r c v o l t a g e 
i n c r e a s e f o r a g i v e n d e c r e a s e i n h e a t e r c u r r e n t , 
c h a n g i n g the ca thode when the v o l t a g e i n c r e a s e 
p a s s e s a c e r t a i n l i m i t . 

Hydro/ten P r e s s u r e . The p r e s s u r e i n the d i s 

' c h a r g e chamber i s 2 . 3 T o r r , measured w i t h a L e y b o l d 
Thermotron I I I , a P i r a n i type gauge which can work 
f rom 800 down t o 102 T o r r . We have u s e d t h i s g a u g e 
t o c o n t r o l a n e e d l e v a l v e , k e e p i n g the p r e s s u r e t o 
w i t h i n 0 .1 T o r r i n the s n o u t . 

C l e a n l i n e s s . The p r e s e n c e o f h y d r o c a r b o n s 
i n the p r e  i n j e c t o r i s the main c a u s e o f i n s t a b i l 
l i t i e s i n the i o n s o u r c e beam. The re i m p u r i t i e s 
a r e p a r t i c u l a r l y annoy ing b e c a u s e t h e y a p p e a r t o 
be d e p o s i t e d on the ca thode when the s o u r c e i s n o t 
o p e r a t i n g ( t h e r e i s no v a l v e b e t w e e n the s o u r c e and 
column) and a r e t h e n c r a c k e d d u r i n g d e  g a s s i n g , 
f o r m i n g a c a r b o n l a y e r which l o w e r s t h e e m i s s i v i t y 
o f the c a t h o d e . ( S e e b e l o w ) 

R e l i a b i l i t y . I n t h e two y e a r s o f o p e r a t i o n 
o f the s o u r c e , the t ime l o s t due t o i o n s o u r c e 
f a u l t s has been 0 . 3 % o f t h e t o t a l o p e r a t i n g t i m e . 
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B e h a v i o u r o f t h e P r e  i n j e c t o r A c c e l e r a t i n g T u b e . 

The g e n e r a l HT b e h a v i o u r f o r t h o s e 2 y e a r s 
o f o p e r a t i o n i s d e s c r i b e d i n F i g . 2 . The r a t e o f 
l o s s o f c o n d i t i o n i n g [ 2 ] a t the b e g i n n i n g o r a t the 
end o f e a c h run ( a r u n l i e s be tween 2 t o 3 w e e k s ) , 
t h e w e e k l y mean b reakdown r a t e and soae t y p i c a l 
a s j r j — v a l u e s o f c a t h o d e c u r r e n t a r e p l o t t e d . 
A f t e r a good s t a r t , y e a r 1966 ended w i t h a d e f i n i t e 
i m p a i r m e n t : the b r eakdowns r a t e r e a c h e d mean w e e k 

l y v a l u e s o f 10 p e r h o u r w i t h enormous peaks o f 
30 + 100 p e r h o u r . I n t h e meantime c a t h o d e c u r r e n t s 
wh ich a r e u s u a l l y z e r o a p a r t f rom the c o n d i t i o n i n g 
p e r i o d , went up t o 2 t o 5 μΑ f o r h o u r s , wh ich i s a 
c l e a r s i g n o f p o l l u t i o n i n the vacuum. C u r i o u s l y 
e n o u g h , the d e c o n d i t i o n i n g r a t e d u r i n g t h i s p e r i o d 
was v e r y g o o d , a s w e l l a s the b reakdown r a t e w i t h o u t 
h y d r o g e n a t the b e g i n n i n g o f the run b e f o r e the 
s o u r c e was s t a r t e d . L o o k i n g more c l o s e l y a t the 
e v o l u t i o n o f h o l d  o f f a l o n g a normal r u n , one 
c o u l d see t h a t t h e s t a r t was good b u t the c o n d i 

t i o n s d e g e n e r a t e d i n a f e w days and w e r e wor se 
d u r i n g t h e s e c o n d h a l f o f t h e r u n . The p o l l u t i o n 
seemed t o b e c o n n e c t e d w i t h the a c c u m u l a t i o n o f the 
o p e r a t i o n t i m e . A s e r i e s o f t e s t s was s t a r t e d , 
t r y i n g t o t r a c e the o r i g i n o f t h i s b e h a v i o u r , b u t 
no c l e a r o l u e was o b t a i n e d . The s i t u a t i o n changed 
c o m p l e t e l y a f t e r t h e shu t down 1%7 and e x c e l l e n t 
w o r k i n g c o n d i t i o n s have b e e n o b t a i n e d s i n c e t h e n . 

D u r i n g t h e shut down the t u b e was d i smounted 
( F i g . 3, 5) and i n s p e c t e d : 

1. The t i t a n i u m a l l o y e l e c t r o d e s were a s u s u a l 

l y c o v e r e d w i t h a v e r y t h i n f i l m o f d e p o s i t . 
T y p i c a l c r a t e r s w e r e f o u n d on the maximum 
f i e l d r e g i o n s o f n e g a t i v e e l e c t r o d e s , i . e . 
on t h e c a t h o d e . a n d the median e l e c t r o d e 
( F i g . 6 ) . These marks were p a r t l y removed 
b y p o l i s h i n g and t h e e l e c t r o d e s c l e a n e d w i t h 
o u r u s u a l p r o c e d u r e [ 1 ] . I n a d d i t i o n , w h i t 

i s h t r a c e s were f o u n d on the median e l e c t r o d e 
and on the anode pumping h o l e s . A c h e m i c a l 
a n a l y s i s r e v e a l e d t h a t t h e s e c o n t a i n e d b a r i u m 
oxyde and n i c k e l c l e a r l y coming f rom the 
s o u r c e c a t h o d e ( s e e a b o v e ) . 

2 . The i n t e r n a l s u r f a c e s o f the t ube p o r c e l a i n s 
showed a b s o l u t e l y no t r a c e o f t r a c k i n g o r 
d e p o s i t ( F i g . 4 ) . Only the l a s t p o r c e l a i n 
on t h e e a r t h s i d e , the s h i e l d i n g o f wh ich 
f o r g e o m e t r i c a l r e a s o n was not c o m p l e t e , had 
soae y e l l o w i s h s p o t s i n f r o n t o f the c a t h o d e 
pumping h o l e s : l o w e n e r g y s e c o n d a r y e l e c 

t r o n s c o u l d h i t t h e s e r e g i o n s , p o l y m e r i z i n g 
o r g a n i c f i l a s o r c o l o u r i n g p o r c e l a i n impu 

r i t i e s . S i n c e t h e n , a s p e c i a l s h i e l d o f t h i s 
s e c t i o n h a s b e e n i n c o r p o r a t e d . 

3. A s ment ioned a b o v e the molybdenum e x t r a c t o r 
g r i d was f o u n d t o be mel t ed t h r o u g h ( w i t h a 
l o o s e w i r e p o i n t i n g t o w a r d s the main 300 kV 

gap)· 

D u r i n g t h e same shu t down, the w a t e r c o o l i n g 
sys tem o f t h e Hg pumps was made a c r e e f f i c i e n t , the 
l e a k r a t e r e d u c e d such t h a t the p r e s s u r e w i t h s o u r c e 
o f f went f r o a 2 .10 6 t o 2 . 1 0 " 7 T o r r . R e g u l a r 

d e g a s s i n g o f the N2 c o l d t r a p s was s t a r t e d a t t h i s 
period t o o ( 1 t r a p is degassed e v e r y 3 r d week ) , t n e 

l i q u i d N 2 f i l l ing System msde st i l l more r e l i a b l e , 
and the liquid N 2 dewar s were p r e s s u r i z e d w i t h N2 
g a s i n s t e a d o f compres sed a i r t o p r e v e n t i c e f o r a 

i n g i n the s y s t e m . 
The improvements a f t e r the shut down aay 

have r e s u l t e d f rom t h o s e changes a l t h o u g h t h i s 
cannot b e known f o r c e r t a i n . S i n c e t h e n t h e b r e a k 

down r a t e has r e a c h e d v a l u e s a s l o w a s 0 . 0 4 p e r 
h o u r f o r one w e e k , t h e ca thode c u r r e n t r e m a i n s a t 
z e r o and the d e c o n d i t i o n i n g r a t e a t t h e s t a r t o f 
the r un v a r i e s f rom 2 t o 5 kV/h . 

The main s o u r c e o f b a d HT b e h a v i o u r h a v e 
a l r e a d y b e e n l i s t e d i n [ 1 ] , I n a d d i t i o n t h e e f f e o t 
o f i m p r o p e r s e t t i n g o f s o u r c e p a r a m e t e r s , l e t t i n g 
the beam h i t t h e median e l e c t r o d e o r the c a t h o d e , 
was t o p r o d u c e b r e a k d o w n s . New e l e c t r o d e s i n t h e 
vacuum a l s o w o r s e n e d c o n d i t i o n s f o r a f ew d a y s 
a f t e r t h e i r i n s t a l l a t i o n . I t h a s b e e n shown t h a t 
good w o r k i n g has b e e n sometimes o b t a i n e d w i t h one 
pump o n l y , i f s u f f i c i e n t l y c l e a n and w i t h a g o o d 
s p e e d . 

A new t e c h n i q u e o f HT c o n d i t i o n i n g h a s b e e n 
s t a r t e d i n Janua ry 1968 w i t h t h e s o u r c e o x i d e ca thode 
l e f t h o t ( 9 5 0 C) i n s t e a d o f c o l d : t h i s p r e v e n t s 
p o l l u t i o n o f the o x i d e ca thode d u r i n g the h i g h 
v o l t a g e f o r m a t i o n . 

Beam Measurements 

A l a r g e p r o t o n beam c u r r e n t w i t h i n a s m a l l 
r a d i a l e m i t t a n c e ( o r a h i g h p h a s e  s p a c e d e n s i t y ) 
i s c l e a r l y o f i n t e r e s t a t a l l p o i n t s i n an a c c e l e 

r a t o r a s i t can r e s u l t i n economies i n magnet a p e r 

t u r e s , keep beam l o s s e s and i n d u c e d a c t i v i t y l o w , 
and b r i n g d i r e c t a d v a n t a g e s t o the e x p e r i m e n t e r . 
Deve lopments i n p r e  i n j e c t o r s have r e c e n t l y p r o d u c 

ed the new s i t u a t i o n o f t h e r e b e i n g a v a i l a b l e h i g h e r 
p h a s e  s p a c e d e n s i t i e s f r om the p r e  i n j e c t o r t h a n 
can be e x p l o i t e d i n the r e s t o f the a c c e l e r a t o r . 
F o r example the 4  f o l d i n c r e a s e i n p r e  i n j e c t o r 
d e n s i t y which f o l l o w e d the i n s t a l l a t i o n o f the d u o 

p l a s m a t r o n / h i g h g r a d i e n t column a s s e m b l y a t CKRI/ 
i n 1966 r e s u l t e d i n o n l y a 2  f o l d i n c r e a s e i n 
30 MeV d e n s i t y [3], A f t e r two y e a r s o f o p e r a t i o n a l 
o b s e r v a t i o n and machine measurement t h e r e a s o n s f o r 
t h i s l i m i t a t i o n a r e somewhat c l e a r e r , and we s h a l l 
a t t e m p t t o summarize h e r e t h e main p o i n t s which 
have e m e r g e d . 

We r e c a l l t h a t the t r a n s v e r s e b e h a v i o u r o f 
the beam was d e s c r i b e d i n p r e v i o u s p a p e r s i n t e r m s 
o f the ' d e n s i t y c u r v e ' , wh ich i s a c u r v e o f t h e 
q u a n t i t y o f c u r r e n t c o n t a i n e d w i t h i n e q u i  d e n s i t y 
c o n t o u r s p l o t t e d a g a i n s t t h e o m i t t a n c e a r e a w i t h i n 
the c o n t o u r s . i n t h e p r e s e n t s t a t e o f i n s t r u m e n 

t a t i o n one can b u t s p e c u l a t e a b o u t where a g i v e n 
p a r t i c l e l i e s w i t h i n t h e 6  d i a e n s i o n a l hyper vo lume, 
and the o n l y e x p e r i m e n t a l e v i d e n c e w h i c h we can 
o b t a i n i s the d i s t r i b u t i o n o f c h a r g e a c r o s s t h e two 
t r a n s v e r s e p r o j e c t i o n s , i . e . t h e h o r i z o n t a l and 
v e r t i c a l phase s p a c e s . The d e n s i t y c u r v e s which we 
a s a s u r e c o r r e s p o n d g e n e r a l l y t o a G a u s s i a n d i s t r i 

b u t i o n a c r o s s t h e s e phase s p a c e s [3] . A n o t h e r 
e x p e r t menta l o b s e r v a t i o n i s t h a t t h e r e m o v a l o f 
o u t e r phase space f r o a one p r o j e c t i o n b y a p e r t u r e 
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l i m i t a t i o n r e d u c e s the d e n s i t y o v e r the w h o l e o f 
the o t h e r p r o j e c t i o n [ 3 ] · 

The l a s t p o i n t i s o f some p r a c t i c a l i m p o r t a n c e . 
One t e n d s t o s u p p o s e t h a t the o u t e r r e g i o n s o f phase 
s p a c e a r e o f l i t t l e consequence b e c a u s e o f the 
G a u s s i a n d i s t r i b u t i o n , and t h a t they can be tr immed 
away t o l e a v e t h e dense co r e o f the beam i n t a c t , 
w h e r e a s o f c o u r s e t h e e f f e c t on t h e o t h e r p l a n e can 
be a p p r e c i a b l e a s may b e s een f r om the s imp le c o n s 

t r u c t i o n o f F i g . 7 · The c o n c l u s i o n i s t h a t i s one 
w i s h e s t o make t h e f u l l p r e  i n j e c t o r d e n s i t y a v a i l 

a b l e a t the L i n a c i n p u t , the maximum beam e x c u r s i o n s 
must l i e w e l l w i t h i n the a p e r t u r e of the beam t r a n s 

p o r t and match ing c h a n n e l . T h i s i s not the c a s e i n 
t h e p r e s e n t 300 keV c h a n n e l , and the consequences 
a r e p a r t i c u l a r l y n o t i c e a b l e when the beam i s b u n c h e d . 
I n c o m b i n a t i o n w i t h the o m i t t a n c e i n c r e a s e a l r e a d y 
d e s c r i b e d [ 3 ] the i n c r e a s e d space cha r ge f o r c e s and 
r a d i a l e x c u r s i o n s produce s e r i o u s beam l o s s b e t w e e n 
t h e bunche r and L i n a c , r e s u l t i n g i n the measured 
d e n s i t y d e c r e a s e s e e n i n P i g . 8 . T h i s i n c i d e n t a l l y 
c a u s e s the L i n a c pe r f o rmance t o b e more v u l n e r a b l e 
t o ρ r e  i n j e c t o r and 300 keV m i s a l i g n m e n t s t h a n was 
p r e v i o u s l y the c a s e and i s t h o u g h t t o be one o f t h e 
p r i n c i p a l c a u s e s o f the i n t e n s i t y d e t e r i o r a t i o n i n 
1 9 6 7 . The same argument a p p l i e s t o the p r o g r e s s 
o f t h e beam f rom the i n p u t o f the L i n a c o n w a r d s . 
I f the d e n s i t y c u r v e i s s t i l l r i s i n g a t the L i n a c 
a c c e p t a n c e l i m i t a t i o n p o i n t ( o r the beam ' f i l l s the 
a p e r t u r e ' ) the d e n s i t y a v a i l a b l e f o r l o n g i t u d i n a l 
t r a p p i n g and a c c e l e r a t i o n w i l l b e l e s s than t h a t 
measured a t the i n p u t . 

P r o a t h i s p o i n t o f v i e w t h e r e f o r e we s h o u l d be 
b e t t e r o f f w i t h i n c r e a s e d beam t r a n s p o r t a p e r t u r e s 
and a b i g g e r L i n a c a c c e p t a n c e ( o n e o f the r e w a r d s 
t o b e g a i n e d f rom h i g h e r e n e r g y i n j e c t i o n [ 4 ] ) . 

A f u r t h e r p r a c t i c a l i m p l i c a t i o n i s t h a t i f one 
i s t r y i n g t o i n v e s t i g a t e h o r i z o n t a l  v e r t i c a l  l o n g i t u 

aiam3 c o u p l i n g e f f e c t s e x p e r i m e n t a l l y u s i n g the 
d e n s i t y c h a n g e s i n one p l a n e a s an i n d i c a t i o n o f 
c o u p l i n g , g r e a t c a r e must b e t a k e n t o p r e v e n t beam 
l o s s f r om d o m i n a t i n g the r e s u l t s . I n a s e r i e s o f 
measurements which we c a r r i e d out on 30 MeV d e n s i t i e s 
a s a f u n c t i o n o f beam o m i t t a n c e and i n t e n s i t y a t 
300 keV we f o u n d t h a t a t l ow 300 keV i n t e n s i t i e s 
t h e r e was a g r e a t e r i n e q u a l i t y o f 50 MeV d e n s i t i e s 
f o r u n e q u a l 500 keV o m i t t a n c e s t h a n a h i g h e r i n t e n 

s i t i e s , wh ich way b e due t o a s p a c e  c h a r g e c o u p l i n g 
e f f e c t o r may be due t o g r e a t e r r a d i a l e x c u r s i o n s 
c a u s e d b y space cha rge wh ich i n c r e a s e the beam l o s s 
i n b o t h p l a n e s and t e n d s t o e q u a l i z e the 50 MeV 
d e n s i t i e s a t h i g h c u r r e n t . S i m i l a r c a u t i o n has t o 
be e x e r c i s e d i n the ' f i r s t  t u r n ' d e n s i t y measurements 
which we a r e c a r r y i n g ou t i n the PS and i n the 
' d r i f t  s p a c e ' measurements . 

I n the l a t t e r measurements we a r e t r y i n g t o 
e s t a b l i s h w h e t h e r n o n  l i n e a r space c h a r g e c o u p l i n g 
p roduce s any d e t e c t a b l e d e n s i t y changes a t p r e s e n t 
i n t e n s i t i e s and e n e r g i e s . We s h o u l d l i k e t o c a r r y 
o u t such a measurement u s i n g o n l y a d r i f t space and 
c r o s s e d s l i t s f o r d e n s i t y measurements i n o r d e r t o 
e l i m i n a t e the i m p r é c i s i o n s c o n c e r n i n g the e f f e c t s o f 
f o c u s i n g l e n s e s , b u t so f a r we have o n l y b e e n a b l e 
t o make a measurement i n v o l v i n g a l e n s b e t w e e n the 

measur ing p o i n t s and s l i t s and l e n s e s f o r the 
d e n s i t y d a t a . The p r o c e d u r e was t o l i m i t a 10 MeV 
beam i n the v e r t i c a l p l a n e so t h a t beam l o s s b e t w e e n 
the two m e a s u r i n g p o i n t s s e p a r a t e d b y 24 m o c c u r r e d 
o n l y f rom e x c u r s i o n s i n the h o r i z o n t a l p l a n e , The 
d e n s i t y a t the c e n t r e o f the h o r i z o n t a l p l a n e , which 
s h o u l d be u n a f f e c t e d b y the l o s s o f o u t e r p a r t i c l e s , 
was then measured a t the two p o i n t s and was f o u n d 
t o have d e c r e a s e d by 10# i n 24 m. Wi th a 50 MeV 
beam on t h e o t h e r hand t h e r e was no d e t e c t a b l e 
d i f f e r e n c e a f t e r 24 m. We a r e t r e a t i n g t h i s r e s u l t 
o u r s e l v e s w i t h some r e s e r v e u n t i l the measurements 
can be r e p e a t e d a t d i f f e r e n t e n e r g i e s a number o f 
t i m e s ( i t i s p o s s i b l e t o d r i f t a u s e f u l amount o f 
500 keV beam t h r o u g h the A l v a r e z s t r u c t u r e b y l o w e r 

i n g the f o c u s i n g t h r o u g h o u t ) . 

R e t u r n i n g t o the l i m i t a t i o n s i n t h e p r e s e n t 
L i n a c , the debunch ing e f f e c t o f space c h a r g e a t 
500 keV o b v i o u s l y makes a c o n t r i b u t i o n t o t h e r e d u c 

ed t r a p p i n g e f f i c i e n c y a t h i g h c u r r e n t s i n a d d i t i o n 
t o the r a d i a l e f f e c t s a l r e a d y d i s c u s s e d . T h e r e 
seems n o t h i n g s t h a t one can do t o the p r e s e n t machine 
a t the moment t o improve m a t t e r s and one l o o k s r a t h e r 
t o t h e t h e o r e t i c a l s t u d i e s [ 5 ] , h i g h e r e n e r g y i n j e c 

t i o n [ 4 ] and the 3 MeV model s t u d i e s [ 6 ] f o r i m p r o v e 

ments i n t h i s d i r e c t i o n . 

I n a d d i t i o n t o the l ow t r a p p i n g e f f i c i e n c y 
t h e r e i s the q u e s t i o n o f ' b l o w  u p ' o r the i n c r e a s e 
i n the momentum n o r m a l i z e d omi t t ance p a s s i n g f rom 500 keV t o 50 MeV. T h i s i s n o t c o n s i 

d e r e d t o be o f g r e a t p r a c t i c a l impor t ance f o r p r e s e n t 
pe r f o rmance a s i t may o n l y b e r e s p o n s i b l e f o r a f e w 
raA o f beam l o s s , o r a f ew p e r c e n t i n d e n s i t y , b u t 
e v i d e n t l y where s p e c i f i c a t i o n s c a l l f o r t i m e  a v e r a g e d 
l i m i t s o f a f ew nA/m i n p r o j e c t e d l i n a c s t h e p r o b l e m 
i s o f more i n t e r e s t . 

F i r s t l y we have d e m o n s t r a t e d the g r o s s p r o p e r 

t i e s o f the f o c u s i n g channe l r e p r e s e n t e d b y t h e 
q u a d r u p o l o s o f Tanks I I and I I I b y measu r ing t h e o v e r 

l a p p i n g o f o m i t t a n c e a t the o u t p u t f o r s e p a r a t e d 
e m i t t a n c e s a t the i n p u t ( P i g . 9; w i t h a 10 MeV beam* 
Tanks I I and I I I were t h e n r e s t o r e d t o t h e a c c e l e r a 

t i n g c o n d i t i o n s and the o u t p u t o m i t t a n c e s r e m e a s u r e d 
0?ig 1 0 ) . Our p r e v i o u s measurement showed t h a t the 
phase d e n s i t y o f the beam c o r e was not m e a s u r a b l y 
a f f e c t e d by a c c e l e r a t i o n above 10 MeV ( e x c e p t f o r t h e 
most i n t e n s e beam c u r r e n t s ) whereas t h e r e was some 
n o n  L i o u v i l l e a n b e h a v i o u r ( i n two d i m e n s i o n s ) a b o v e 
10 MeV i n the l e s s dense r e g i o n s [ 3 ] . The p r e s e n t 
r e s u l t s show t h a t t h i s i s not a l l due t o RP e f f e c t s 
b u t t h a t the p a s s a g e o f the beam t h r o u g h t h e f o c u s 

i n g channe l a l o n e p r o d u c e s some ' s m e a r i n g ' o f 
o m i t t a n c e [ 7 ] , [ 8 ] , 

RP System 

A system o f beam l o a d i n g compensa t i on u s i n g 
two RP f e e d s p e r t a n k [ 3 ] has b e e n i n o p e r a t i o n on 
the 50 MeV machine f o r two y e a r s , b u t due t o a s h o r t 

age o f d r i v e power we have n o t y e t b e e n a b l e t o 
e x p l o i t the f u l l p o s s i b i l i t i e s o f the s y s t e m . W i t h 
the beam c u r r e n t r e d u c e d t o 50 aA howeve r we can 
a c h i e v e p r a c t i c a l l y 100JC c o m p e n s a t i o n i n the t h r e e 
t a n k s , and P i g . 11 shows t h e r e s u l t i n g f i e l d v a r i a 

t i o n s i n Tank I i n the v i c i n i t y o f t h e beam p u l s e 
( a t 10 p s e c / c m ) . 
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The u p p e r t r a c e r e p r e s e n t s the s i g n a l f rom 
a w a l l l o o p a t tne 10 MeV e n d , n e x t t o the compen

s a t i n g RF f e e d l o o p , and t h e l o w e r t r a c e the s i g n a l 
f r om the 500 keV e n d , remote f rom the f e e d l o o p . 
The f i e l d d u r i n g the beam p u l s e i s v e r y n e a r l y f l a t 
i n b o t h c a s e s , b u t i t i s p o s s i b l e t o d e t e c t a s l i g h t 

l y g r e a t e r f a l l i n f i e l d a t the 500 k»V e n d , r e s u l t 

i n g p r o b a b l y f rom the a c c e l e r a t i o n i n the e a r l y 
g a p s o f p a r t i c l e s which l a t e r f a l l out o f l o n g i t u d i 

n a l s t a b i l i t y . One may a l s o o b s e r v e a s l i g h t 1 MHx 
r i p p l e c a u s e d by the e x c i t a t i o n o f the T * Q ^ mode. 

Both e f f e c t s a r e v i s i b l e a l s o on the d e r i v a t i v e 
s i g n a l s shown i n P i g . 1 2 . I n Tanks I I and I I I , b y 
c o n t r a s t , the r i p p l e i s l e s s pronounced a l t h o u g h the 
t a n k s a r e l o n g e r . T h i s i s due t o the compensa t ing 
f e e d b e i n g a t the m i d  p o i n t i n Tanks I I and I I I 
where the mode i s on ly weak l y e x c i t e d . I n 

P i g . 13 we see t h e Tank I l o o p s i g n a l s a g a i n , t h i s 
t ime f o r the f u l l p u l s e l e n g t h ( a t 50 us/cm) w i t h 
the c o m p e n s a t i o n p u l s e a d j u s t e d t o compensate 50 mA 
o f beam, b u t w i t h o u t the beam. I n t h i s c o n d i t i o n 
t h e r e i s r o u g h l y a 1 : 1 r a t i o o f compensa t i on power 
t o t a n k d i s s i p a t i o n . 

The phase o f the two Tank I w a l l l o o p s was 
a l s o scanned t h r o u g h the beam r e g i o n by the g a t e d 
L i s s a j o u f i g u r e method , and one f o u n d t h a t the 
c o m p e n s a t i n g p u l s e p r o d u g e d a l i n e a r p u l s e change 
o f b e t w e e n 0 . 1 and 0 . 2 5 / / i s , d e p e n d i n g on the e x a c t 
s e t t i n g  u p o f t h e a m p l i f i e r o u t p u t c i r c u i t , w h e r e a s 
the beam i t s e l f p r o d u c e d no d e t e c t a b l e c h a n g e . 

W i t h r e g a r d t o the s h o r t a g e o f d r i v e power 
f o r comp le te compensa t i on a t h i g h e r i n t e n s i t i e s , i t 
i s p r o p o s e d t o r e l i e v e t h i s p r o b l e m b y i n s t a l l i n g 
a new 5 MW t u b e , the TH 5 1 6 , i n the d r i v e s y s t e m . 
T h i s h a s b e e n d e v e l o p e d by the m a n u f a c t u r e r s f rom 
the TH 5 1 5 and i s p r a c t i c a l l y a p l u g  i n r ep l a cement 
b u t has a h i g h e r g a i n . 

The n e x t majo r p r o b l e m w i l l be the r e  d e s i g n 
o f the RF sy s t em f o r the 100 μ s  2 pps beam p u l s e s 
r e q u i r e d b y t h e b o o s t e r s y n c h r o t r o n . We p r o p o s e t o 
u s e a d e l a y l i n e m o d u l a t o r f o r the c o m p e n s a t i n g 
anode p u l s e a s a t p r e s e n t , b u t t o a c h i e v e r e g u l a t i o n 
o f the power o u t p u t f o r v a r y i n g beam p u l s e l e n g t h s 
and a m p l i t u d e s b y f e e d  b a c k f r om the t a n k l e v e l t o 
the g r i d b i a s o f the c o m p e n s a t i n g a m p l i f i e r . T h i s 
method has t h e d i s a d v a n t a g e t h a t the m o d u l a t o r s e e s 
a v a r y i n g l o a d a s the g r i d b i a s i s a l t e r e d , b u t i t 
i s p r o b a b l y c h e a p e r and s i m p l e r t o a t t e n u a t e t h i s 
e f f e c t by t h r o w i n g away power i n an a d d i t i o n shunt 
r e s i s t i v e l o a d t h a n t o i n v e s t i n h a r d  t u b e m o d u l a t o r s . 
T h i s sys tem w i l l be d e v e l o p e d on the 3 MeV model 
f i r s t , a s w i l l v a r i o u s new sys tems such a s d i g i t a l l y 

c o n t r o l l e d s t e p p i n g motors f o r t u n e r and p h a s e 

s h i f t e r a d j u s t e m e n t . 

C o n c l u s i o n s 

The new p r e  i n j e c t o r has b e e n r e l i a b l e i n 
o p e r a t i o n , so t h a t an e l e c t r i c f i e l d g r a d i e n t o f 
4 . 5 MV/m i n a s h o r t a c c e l e r a t i n g t u b e can be s a i d 
t o b e o p e r a t i o n a l l y f e a s i b l e even i n the p r e s e n c e 
o f a h a l f ampère p r o t o n beam. I t seems c l e a r t h a t 
b i g g e r a p e r t u r e s a t i n j e c t i o n e n e r g y w o u l d e n a b l e 
u s t o t a k e b e t t e r a d v a n t a g e o f the h i g h p u l s e 

space d e n s i t y p r o d u c e d b y t h i s p r e  i n j e c t o r . 
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FIG. 1 : 



FIG.2 



FIG. 3· Demounting of accelerating tube 

FIG. 4: Interior v iew of accelerating tube (the shielding 

electrodes have been removed ) 



FIG. 6·' Craters around the cathode beam hole 

FIG. 5- T i tanium alloy cathode 



FIG. 7· Graphical representation of the effect on horizontal density of 

an operture in the vertical plane. 
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FIG. 8: Effect of bunching on 5 0 0 keV densi ty 
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FIG. 9: l O M e V emittances at end of tank III for two seperated lOMeV 

emittances dr i f fed through tanks II and IN 

10 8 6 4 
2 

2 6 8 10 

separated input emittances at lOMeV produced by: 

A — a 5 mm wide obstruct ion 

Β — a 5 m m wide slit 
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FIG. 10: 5 0 M e V emittances at end o f tank III for two separated 

l 0 M e V emittances 

separated emittances produced as in F ig. 8 
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FIG. 11· Tank I R.F. field variation in the presence of 

beam U O µ s / c m ) 

FIG. 12: T ime derivative of tank I R.F. field for the 

conditions of Fig. 11. (1Oµs/cm) 

FIG. 13: LUS pulse in tank I with compensation. ( 5 0 υ s/cm ) 


