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t h e E u r o p e a n O r g a n i z a t i o n 
N u c l e a r R e s e a r c h , w a s e s t a b l i s h e d 
1 9 5 4 t o p r o v i d e f o r c o l l a b o r a t i o n 
a m o n g E u r o p e a n S t a t e s i n n u c l e a r re­
s e a r c h o f a p u r e s c i e n t i f i c e a n d f u n d a ­
m e n t a l c h a r a c t e r , a n d i n r e s e a r c h 
e s s e n t i a l l y r e l a t e d t h e r e t o ' . I t a c t s a s a 
E u r o p e a n c e n t r e a n d c o - o r d i n a t o r o l 
r e s e a r c h , t h e o r e t i c a l a n d e x p e r i m e n t a l 
i n t h e f i e l d o f s u b - n u c l e a r p h y s i c s . T h i : 
b r a n c h o f s c i e n c e is c o n c e r n e d w i t h th< 
f u n d a m e n t a l q u e s t i o n s o f t h e b a s i c l a w s 
g o v e r n i n g t h e s t r u c t u r e o f m a t t e r . C E R N 
is o n e o f t h e w o r l d ' s l e a d i n g L a b o r a 
t o r i e s i n t h i s f i e l d . 

T h e e x p e r i m e n t a l p r o g r a m m e is base^ 
o n t h e u s e o f t w o p r o t o n a c c e l e r a t o r s — 
a 6 0 0 M e V s y n c h r o - c y c l o t r o n ( S C ) a n d 
2 8 G e V s y n c h r o t r o n ( P S ) . A t t h e l a t t e 
m a c h i n e , l a r g e i n t e r s e c t i n g s t o r a g e r i n g : 
( I S R ) , f o r e x p e r i m e n t s w i t h c o l l i d i n g 
p r o t o n b e a m s , a r e u n d e r c o n s t r u c t i o n , 
S c i e n t i s t s f r o m m a n y E u r o p e a n Un i ve r ­
s i t i e s , a s w e l l a s f r o m C E R N i t se l f , t a k e 
p a r t i n t h e e x p e r i m e n t s a n d i t is e s t i 
m a t e d t h a t s o m e 7 0 0 p h y s i c i s t s o u t s i d e 
C E R N a r e p r o v i d e d w i t h t h e i r r e s e a r c h 
m a t e r i a l i n t h i s w a y . 

T h e L a b o r a t o r y is s i t u a t e d a t M e y r i n 
n e a r G e n e v a i n S w i t z e r l a n d . T h e s i t e 
c o v e r s a p p r o x i m a t e l y 8 0 h e c t a r e s 
e q u a l l y d i v i d e d o n e i t h e r s i d e o f t h e 
f r o n t i e r b e t w e e n F r a n c e a n d S w i t z e r ­
l a n d . T h e s t a f f t o t a l s a b o u t 2 3 5 0 p e o p l e 
a n d , i n a d d i t i o n , t h e r e a r e o v e r 4 0 0 
F e l l o w s a n d V i s i t i n g S c i e n t i s t s . 

T h i r t e e n E u r o p e a n c o u n t r i e s p a r t i 
c i p a t e in t h e w o r k o f C E R N , c o n t r i b u t i n g 
t o t h e c o s t o f t h e b a s i c p r o g r a m m e , 
197.5 m i l l i o n S w i s s f r a n c s i n 1968 , i n 
p r o p o r t i o n t o t h e i r n e t n a t i o n a l i n c o m e 
S u p p l e m e n t a r y p r o g r a m m e s c o v e r t h e 
c o n s t r u c t i o n o f t h e ISR a n d s t u d i e s f o 
a p r o p o s e d 3 0 0 G e V p r o t o n s y n c h r o t r o n 

C E R N C O U R I E R is p u b l i s h e d m o n t h l y 
i n E n g l i s h a n d F r e n c h e d i t i o n s . I t i: 
d i s t r i b u t e d f r e e t o C E R N e m p l o y e e s a m 
o t h e r s i n t e r e s t e d in s u b - n u c l e a r p h y s i c s 

T h e t e x t o f a n y a r t i c l e m a y b e re 
p r i n t e d if c r e d i t i s g i v e n t o C E R N 
C O U R I E R . C o p i e s o f m o s t i l l u s t r a t i o n s 
a r e a v a i l a b l e t o e d i t o r s w i t h o u t c h a r g e 

A d v e r t i s e m e n t s a r e p u b l i s h e d o n Xh 
s o l e r e s p o n s i b i l i t y o f t h e a d v e r t i s e r s 

E d i t o r : B r i a n S o u t h w o r t h 

A s s i s t a n t E d i t o r : P h i l i p p e d ' A g r a v e s . 

A d v e r t i s e m e n t s : M i c h e l i n e F a l c i o l a 

t o g r a p h s : G é r a r d B e r t i n 

P u b l i c I n f o r m a t i o n O f f i c e 

C E R N , 1211 G e n e v a 2 3 , S w i t z e r l a n c 

T e l . (022) 41 9 8 1 1 T e l e x 2 2 5 48 

P r i n t e d b y : E d . C h e r i x e t F i l a n o s a S .A . 

1260 N y o n , S w i t z e r l a n d 

Comment 

T h e U n i t e d K i n g d o m d e l e g a t i o n a n ­

n o u n c e d a t t h e C o u n c i l S e s s i o n o n 2 0 

J u n e t h a t t h e i r g o v e r n m e n t h a s d e c i d e d 

n o t t o p a r t i c i p a t e in t h e 3 0 0 G e V p r o j e c t . 

T h e r e is n o d o u b t t h a t t h i s d e c i s i o n f r o m 

a m a j o r p a r t i c i p a n t in C E R N is a s e r i o u s 

b l o w f o r E u r o p e a n p h y s i c s . It c a m e a s a 

s u r p r i s e a n d a d e e p d i s a p p o i n t m e n t . B u t , 

f a r f r o m a b a n d o n i n g h o p e , t h e C o u n c i l 

r a l l i e d t o t h e p r o j e c t a n d is t r y i n g t o f i n d 

w a y s a n d m e a n s o f g o i n g a h e a d w i t h o u t 

i n t r o d u c i n g a n y n e w d e l a y . 

T h e S c i e n t i f i c P o l i c y C o m m i t t e e h a s 

a l r e a d y c o n s i d e r e d t h e p o s s i b i l i t y o f a 

m a j o r w i t h d r a w a l o f s u p p o r t a n d h a s g o n e 

a l o n g w a y t o w a r d s e v o l v i n g a r e v i s e d 

p r o g r a m m e f o r t h e p r o j e c t w h i c h w o u l d 

r e d u c e t h e a n n u a l b u d g e t s . A d e t a i l e d 

a n a l y s i s o f t h e p o s s i b i l i t i e s w i l l b e p r e ­

s e n t e d v e r y s o o n . T h e r e is n o q u e s t i o n o f 

c o n s i d e r i n g a l e s s e r m a c h i n e ; t h e b a s i c 

p a r a m e t e r s — a p e a k e n e r g y o f 3 0 0 G e V , 

h i g h p r o t o n b e a m i n t e n s i t y , a n d c a p a b i l i t y 

f o r e x t e n s i v e e x p l o i t a t i o n — w o u l d r e m a i n 

f i r m l y in a n y r e v i s i o n . T h e l o s s c o u l d c o m e 

in a l o n g e r t i m e - s c a l e t o r e a c h f u l l 

e x p l o i t a t i o n . 

T h e r e w a s n o q u e s t i o n in t h e U K d e c i ­

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

a n d s c i e n t i f i c m e r i t s o f t h e p r o j e c t . T h e 

s t a t e m e n t a n n o u n c i n g t h e d e c i s i o n s a i d 

' t h e p r o j e c t is w e l l c o n c e i v e d ' a n d ' s t r o n g 

s c i e n t i f i c v i e w s h a v e b e e n e x p r e s s e d in i ts 

f a v o u r ' . 

It w a s o b v i o u s a l s o f r o m t h e p e r s o n a l 

s t a t e m e n t s a t t h e C o u n c i l t h a t t h e U K 

s c i e n t i f i c c o m m u n i t y r e m a i n s s o l i d l y b e ­

h i n d t h e p r o j e c t a n d w i l l f i g h t f o r a 

r e v e r s a l o f t h e d e c i s i o n . T h e y h a v e g i v e n 

t h e 300 G e V t o p p r i o r i t y f o r s o m e t i m e , 

e v e n w h i l e a p p r e c i a t i n g t h e p a i n f u l i m p l i ­

c a t i o n s t h a t t h i s c o u l d h a v e o n t h e i r 

n a t i o n a l L a b o r a t o r i e s . T h e p r o g r a m m e o f 

s u b - n u c l e a r p h y s i c s t h a t t h e y a r e n o w le f t 

w i t h is n o t t h e p r o g r a m m e o f t h e f u t u r e . 

H o w e v e r , t h e p r e s e n t d e c i s i o n o f t h e 

g o v e r n m e n t is u n e q u i v o c a l . O n e c a n o n l y 

h o p e t h a t t h e U K w i l l b e in a p o s i t i o n t o 

r e v e r s e it in a f e w y e a r s t i m e a n d t o b u y 

t h e m s e l v e s b a c k i n t o t h e p r o j e c t . F o r t h e 

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

t h a t h a s b e e n d r o p p e d i n t o t h e p o o l o f 

E u r o p e a n p h y s i c s w i l l h a v e t o d i e d o w n 

b e f o r e t h e t r u e e f f e c t o f t h e w i t h d r a w a l o f 

t h e U K c a n b e a s s e s s e d . M e a n w h i l e , 

t h e C o u n c i l h a s u r g e d t h a t w o r k t o w a r d s 

t h e p r o j e c t s h o u l d c o n t i n u e a n d t h a t t h e 

U K d e c i s i o n s h o u l d n o t i n t r o d u c e a n y n e w 

h e s i t a t i o n s f o r t h e g o v e r n m e n t s o f t h e 

o t h e r M e m b e r S t a t e s . 
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38 th Session of CERN Council 
The 38th Session of the Council was held at 
CERN on 19-20 June under the chairmanship of 
Dr. G. Funke. 

T h e C o u n c i l o p e n e d w i t h a r e p o r t b y t h e 

D i r e c t o r G e n e r a l , P r o f e s s o r B P . G r e g o r y , 

o n t h e a c t i v i t i e s o f C E R N o v e r t h e p a s t 

s i x m o n t h s . H e p i c k e d o u t t h r e e t o p i c s f o r 

s p e c i a l m e n t i o n — t h e e x p e r i m e n t a l p r o ­

g r a m m e a t t h e p r o t o n s y n c h r o t r o n , c o l ­

l a b o r a t i o n w i t h S e r p u k h o v , a n d p r e p a ­

r a t i o n f o r e x p e r i m e n t s a t t h e i n t e r s e c t i n g 

s t o r a g e r i n g s . 

PS experimental programme 

T h e p r o t o n s y n c h r o t r o n h a s j u s t c o n c l u d e d 

a y e a r ' s a l m o s t c o n t i n u o u s o p e r a t i o n . It 

h a s n o w b e e n s h u t d o w n f o r s e v e r a l 

m o n t h s f o r e x t e n s i v e c i v i l e n g i n e e r i n g 

w o r k , f o r t h e c o n n e c t i o n o f t h e n e w m a g n e t 

p o w e r s u p p l y w h i c h w i l l i n c r e a s e t h e 

r e p e t i t i o n r a t e o f t h e m a c h i n e , a n d f o r 

r e b u i l d i n g o f t h e b e a m l i n e s in t h e t h r e e 

e x p e r i m e n t a l h a l l s . 

J u s t b e f o r e t h e s h u t d o w n t h e r e w e r e 

t w e l v e e x p e r i m e n t s u s i n g e l e c t r o n i c t e c h ­

n i q u e s , s e t u p a r o u n d t h e m a c h i n e . In 

a d d i t i o n , t h r e e b u b b l e c h a m b e r s w e r e 

s u p p l i e d w i t h p a r t i c l e s . T h e f a c t t h a t t h e 

s y n c h r o t r o n w a s a b l e t o c o p e s a t i s f a c t o r i l y 

w i t h t h e n e e d t o s e r v e s u c h a n i n t e n s e 

a n d c o m p l e x p r o g r a m m e r e f l e c t e d t h e 

s k i l l o f i ts o p e r a t o r s , t h e c a l i b r e o f t h e 

m a c h i n e i t se l f a n d t h e e f f i c i e n c y o f t h e 

e x p e r i m e n t e r s . 

N i n e o f t h e e l e c t r o n i c s e x p e r i m e n t s 

f i n i s h e d c o l l e c t i n g t h e i r d a t a a s s c h e d u l e d . 

T h e y i n c l u d e d t h e ' g - 2 e x p e r i m e n t ' w h i c h 

u s e d t h e m u o n s t o r a g e r i n g f o r a m e a s u r e ­

m e n t o f v e r y h i g h p r e c i s i o n (20 t i m e s m o r e 

a c c u r a t e t h a n t h a t d o n e a t t h e s y n c h r o ­

c y c l o t r o n s i x y e a r s a g o ) . T h e m e a s u r e ­

m e n t c o u l d r e v e a l s o m e s u b t l e d i f f e r e n c e 

b e t w e e n t h o s e m y s t e r i o u s l y a l i k e p a r t i c l e s 

— t h e e l e c t r o n a n d t h e m u o n , o r c o u l d 

i n d i c a t e t h e l i m i t t o w h i c h t h e v e r y s u c ­

c e s s f u l t h e o r y o f q u a n t u m e l e c t r o d y n a m i c s 

is a p p l i c a b l e . T h e r e s u l t o f t h e e x p e r i m e n t 

t o g e t h e r w i t h m a n y o t h e r s f r o m C E R N is 

e x p e c t e d t o b e a n n o u n c e d a t t h e m a j o r 

h i g h e n e r g y p h y s i c s c o n f e r e n c e a t V i e n n a 

in S e p t e m b e r . 

O t h e r n o t a b l e a c h i e v e m e n t s f r o m t h e 

e l e c t r o n i c s e x p e r i m e n t s h a v e b e e n t h e 

w o r k o n p r o t o n - p r o t o n s c a t t e r i n g w h i c h 

r e v e a l e d a n u n e x p e c t e d c h a n g e in b e ­

h a v i o u r a t a n e n e r g y a r o u n d 10 G e V , a n d 

t h e ' m i s s i n g m a s s ' e x p e r i m e n t w h i c h , 

u s i n g a d i f f e r e n t e x p e r i m e n t a l m e t h o d , 

c o n f i r m e d t h e s t r a n g e o b s e r v a t i o n f i r s t 

m a d e a t C E R N o f t h e s p l i t t i n g o f t h e A 2 

r e s o n a n c e i n t o t w o s e p a r a t e p e a k s . 

T h e v e r y e f f i c i e n t o p e r a t i o n o f t h e t h r e e 

b u b b l e c h a m b e r s m a d e i t a r e c o r d y e a r 

f o r b u b b l e c h a m b e r o u t p u t . T h e 81 c m 

h y d r o g e n c h a m b e r r e c o r d e d i ts t e n m i l ­

l i o n t h p i c t u r e . T h e 2 m h y d r o g e n c h a m b e r 

t o o k t h r e e m i l l i o n p i c t u r e s in t h e y e a r a n d 

in t e r m s o f t h e n u m b e r o f p a r t i c l e i n t e r ­

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

o f t h e E u r o p e a n p h y s i c i s t s a l m o s t a s m u c h 

a s h a d b e e n c o l l e c t e d in a l l t h e p r e v i o u s 

y e a r s . T h e h e a v y l i q u i d b u b b l e c h a m b e r , 

a f t e r c o m p l e t i o n o f t h e s u c c e s s f u l n e u t r i n o 

e x p e r i m e n t s , w a s m o v e d b e h i n d t h e 2 m 

c h a m b e r a n d i t p r o v e d p o s s i b l e t o u s e o n e 

p a r t i c l e b e a m t o f e e d t h e t w o c h a m b e r s 

s i m u l t a n e o u s l y . 

T h e p a r t i c i p a t i o n o f ' o u t s i d e ' p h y s i c i s t s 

in t h e e x p e r i m e n t a l p r o g r a m m e is s t i l l 

g r o w i n g . O t h e r E u r o p e a n L a b o r a t o r i e s a n d 

t h e U n i v e r s i t i e s h a v e a l w a y s b e e n e x t e n ­

s i v e l y i n v o l v e d in t h e b u b b l e c h a m b e r 

e x p e r i m e n t s — t h i s i n v o l v e m e n t h a s n o w 

g r o w n t o t h e e x t e n t t h a t , o f t h e 550 

p h y s i c i s t s b a s i n g t h e i r r e s e a r c h o n t h e 

C E R N c h a m b e r s , 500 a r e f r o m o u t s i d e 

C E R N , 3 0 a r e f e l l o w s o r v i s i t o r s h e r e f o r 

s h o r t p e r i o d s , a n d o n l y 20 a r e o n t h e 

C E R N s ta f f . B u t o u t s i d e p a r t i c i p a t i o n h a s 

a l s o g r o w n in t h e e x p e r i m e n t s u s i n g e l e c ­

t r o n i c t e c h n i q u e s . T w e n t y u n i v e r s i t i e s p r o ­

v i d e 70 % o f t h e p h y s i c i s t s a n d a n o t h e r 

15 % a r e s h o r t t e r m v i s i t o r s . 

T o c o m p l e t e t h e p i c t u r e — at t h e s m a l l e r 

C E R N a c c e l e r a t o r , t h e 6 0 0 M e V s y n c h r o ­

c y c l o t r o n , f r o m a b o u t 80 p h y s i c i s t s o n l y 6 

a r e o n t h e C E R N Sta f f . 

Serpukhov and ISR 

C o l l a b o r a t i o n w i t h t h e I n s t i t u t e o f H i g h 

E n e r g y P h y s i c s a t S e r p u k h o v , U S S R , is 

f u l f i l l i n g t h e h i g h e s t h o p e s . T h e l a t e s t s t a g e 

is t h a t , a t a m e e t i n g h e l d a t C E R N a t t h e 

b e g i n n i n g o f J u n e o f t h e J o i n t C o m m i t t e e 

( w h i c h h a s s i x r e p r e s e n t a t i v e s f r o m e a c h 

L a b o r a t o r y w h o a r e c l o s e l y i n v o l v e d w i t h 

t h e w o r k in h a n d ) , d e t a i l s o f t h e s c h e m e 

f o r t h e f a s t e j e c t i o n s y s t e m t o b e p r o v i d e d 

b y C E R N w e r e a g r e e d . ( T h i s w i l l b e 

c o v e r e d in t h e n e x t i s s u e o f C E R N 

C O U R I E R . ) 

A C E R N t e a m a r e p r e p a r i n g to g o t o t h e 

70 G e V a c c e l e r a t o r L a b o r a t o r y to j o i n t h e i r 

S o v i e t c o l l e a g u e s f o r t h e f i r s t c o l l a b o r a t i v e 

e x p e r i m e n t ( s e e p a g e 128) . 

P e r f o r m a n c e o f t h e a c c e l e r a t o r i t se l f is 

v e r y p r o m i s i n g . P r o t o n s h a v e b e e n a c c e l e r ­

a t e d t o 76 G e V a n d e n e r g i e s e v e n a b o v e 

t h i s m a y p r o v e p o s s i b l e . T h e l i n e a r i n j e c t o r 

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

o f 100 m A a t 100 M e V a n d t h e p r e s e n t 

m a c h i n e i n t e n s i t y is 3 X 1 0 1 1 p a r t i c l e s p e r 

p u l s e . 

A n o t h e r e x a m p l e o f c o l l a b o r a t i o n , n o t 

t i e d s p e c i f i c a l l y t o t h e C E R N - S e r p u k h o v 

A g r e e m e n t is a r e c e n t d e c i s i o n o n t h e 

s t a n d a r d i z a t i o n o f t h e s i z e o f b u b b l e 

c h a m b e r f i l m . S o v i e t a n d E u r o p e a n b u b b l e 

c h a m b e r d e s i g n e r s h a v e a g r e e d t o u s e 

t h e s a m e t y p e o f 70 m m f i l m — it i n v o l v e s 

t h e h y d r o g e n c h a m b e r ' M i r a b e l l e ' a n d 

t h e h e a v y l i q u i d c h a m b e r ' S C A T ' f o r S e r ­

p u k h o v , a n d t h e l a r g e E u r o p e a n h y d r o g e n 

c h a m b e r a n d t h e h e a v y l i q u i d c h a m b e r 

' G a r g a m e l l e ' f o r C E R N . T h i s a g r e e m e n t 

m a y s e e m r a t h e r t r i v i a l b u t it h a s t a k e n a 

l o n g t i m e t o a c h i e v e a n d m e a n s t h a t 

e x p e r i m e n t a l g r o u p s c o u l d n o w d o e x p e r i ­

m e n t s u s i n g d i f f e r e n t c h a m b e r s w i t h o u t 

h a v i n g t o i n v e s t m o n e y in d i f f e r e n t f i l m 

a n a l y s i s e q u i p m e n t . 

A n ISR U s e r s ' M e e t i n g w a s r e c e n t l y 

h e l d a t C E R N ( s e e p a g e 128) w h e r e t h e 

p r e l i m i n a r y t h i n k i n g a b o u t t h e i n i t i a l 

e x p e r i m e n t s o n t h e i n t e r s e c t i n g s t o r a g e 

r i n g s w a s p r e s e n t e d t o a l a r g e g a t h e r i n g 

o f E u r o p e a n p h y s i c i s t s . F o l l o w i n g t h e 

m e e t i n g , p a r t i c i p a t i o n o f t h e E u r o p e a n 

U n i v e r s i t i e s in e v o l v i n g t h e ISR e x p e r i ­

m e n t a l p r o g r a m m e w i l l g r o w . T h e l e n g t h y 

p r e p a r a t i o n f o r s p e c i f i c e x p e r i m e n t s w i l l 

n e e d t o b e g i n s o o n . 

D u r i n g t h e C o u n c i l s e s s i o n , Dr . K. 

J o h n s o n , D i r e c t o r o f t h e ISR C o n s t r u c t i o n 

D e p a r t m e n t , r e p o r t e d t h e e n c o u r a g i n g 

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

s e c t i n g s t o r a g e r i n g s . T h e r e is e v e r y i n d i ­

c a t i o n t h a t t h i s v a s t p r o j e c t w i l l b e b u i l t o n 

s c h e d u l e a n d t h a t t h e e x p e n d i t u r e w i l l b e 

w i t h i n t h e e s t i m a t e d b u d g e t . 

300 GeV 

T h e d i s c u s s i o n o n t h e p r o p o s e d 300 G e V 

a c c e l e r a t o r p r o j e c t o p e n e d w i t h t h e f o l l o w ­

i n g s t a t e m e n t b y t h e U K d e l e g a t e , P r o ­

f e s s o r B . H . F l o w e r s : " A t t h e C o u n c i l 

m e e t i n g in D e c e m b e r , I s a i d t h a t m y G o v e r n -
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m e n t w e r e g i v i n g v e r y c a r e f u l c o n s i d e r ­

a t i o n t o t h e q u e s t i o n o f p a r t i c i p a t i n g in t h e 

3 0 0 G e V p r o j e c t . T h e y h a d o b t a i n e d 

a d v i c e f r o m v a r i o u s s c i e n t i f i c b o d i e s , 

w h i c h h a s s i n c e b e a n p u b l i s h e d . M y 

G o v e r n m e n t w e r e p a r t i c u l a r l y c o n c e r n e d a t 

t h e e f f e c t w h i c h p a r t i c i p a t i o n in t h i s p r o j e c t 

m i g h t h a v e o n t h e b a l a n c e o f r e s o u r c e s 

b e t w e e n h i g h e n e r g y p h y s i c s a n d o t h e r 

s c i e n t i f i c a c t i v i t i e s a n d t h e y a l s o h a d t o 

r e v i e w t h e i m p l i c a t i o n s o f t h e d e v a l u a t i o n 

o f s t e r l i n g . 

M y G o v e r n m e n t h a v e n o w d e c i d e d in 

t h e l i g h t o f t h e i r o t h e r c o m m i t m e n t s t h a t 

e x p e n d i t u r e i n v o l v e d o n t h i s v e r y l a r g e 

p r o j e c t w o u l d n o t b e j u s t i f i e d . H . M . G . 

r e g r e t t h i s d e c i s i o n b e c a u s e t h e y f u l l y 

a p p r e c i a t e t h a t t h e p r o j e c t is w e l l c o n ­

c e i v e d a n d t h a t s t r o n g s c i e n t i f i c v i e w s 

h a v e b e e n e x p r e s s e d in i t s f a v o u r . B u t 

t h e y a r e s a t i s f i e d , a f t e r a n e x h a u s t i v e 

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

n o t e n t e r i n t o t h i s c o m m i t m e n t . 

In r e a c h i n g t h i s c o n c l u s i o n m y G o v e r n ­

m e n t h a v e h a d in m i n d t h a t t h r o u g h C E R N , 

w h i c h t h e y w i l l c o n t i n u e t o s u p p o r t , t h e 

E u r o p e a n h i g h e n e r g y n u c l e a r p h y s i c s 

c o m m u n i t y a l r e a d y h a s a n i m p o r t a n t p r o ­

j e c t i n h a n d in t h e I n t e r s e c t i n g S t o r a g e 

R i n g s . T h i s w i l l g i v e E u r o p e a n p h y s i c i s t s 

a u n i q u e i n s t r u m e n t w h i c h w i l l e n a b l e 

s o m e f u r t h e r a d v a n c e s t o b e m a d e in t h e 

p h y s i c s o f v e r y h i g h e n e r g i e s . " 

P r o f e s s o r F l o w e r s c o n t i n u e d w i t h a 

p e r s o n a l s t a t e m e n t w h i c h , h o w e v e r , c a r r i e d 

t h e u n a n i m o u s s u p p o r t o f t h e U K S c i e n c e 

R e s e a r c h C o u n c i l o f w h i c h h e is C h a i r ­

m a n . H e r e c a l l e d t h a t U K n u c l e a r p h y s i c i s t s 

c o n s i d e r t h e 3 0 0 G e V p r o j e c t a s f i r s t p r i o r i t y 

e v e n a t t h e c o s t o f c l o s i n g d o w n a n a t i o n a l 

L a b o r a t o r y b e f o r e t h e e n d o f i t s u s e f u l 

l i f e . T h e s c i e n t i f i c a n d t e c h n i c a l m e r i t o f 

t h e p r o j e c t h a s n e v e r b e e n in q u e s t i o n 

a n d P r o f e s s o r F l o w e r s h o p e d t h a t s o m e 

w a y w i l l b e f o u n d t o g o a h e a d w i t h o u t t h e 

U K a n d t h a t h i g h e n e r g y p h y s i c s in E u r o p e 

w i l l p r o v e s t r o n g e n o u g h t o w i t h s t a n d o n e 

a d v e r s e d e c i s i o n . It r e m a i n s t h e p o l i c y o f 

U K p h y s i c i s t s t o u r g e t h e i r g o v e r n m e n t t o 

s u p p o r t t h e p r o j e c t a n d , in t h e m e a n t i m e , 

t h e y w i l l a v o i d t a k i n g a n y s t e p s w h i c h 

c o u l d p r e j u d i c e e v e n t u a l p a r t i c i p a t i o n . 

T h e C h a i r m a n o f t h e E u r o p e a n C o m ­

m i t t e e f o r F u t u r e A c c e l e r a t o r s a n d d e l e g a t e 

f o r I t a l y , P r o f e s s o r E. A m a l d i , s a i d t h a t 

t h e U K c o n t r i b u t i o n t o C E R N , f i n a n c i a l l y 

a n d s c i e n t i f i c a l l y , h a s a l w a y s b e e n o f t h e 

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

c o u n t r i e s s h o u l d n o w d o e v e r y t h i n g t h e y 

c a n t o k e e p t h e p r o j e c t g o i n g , l e a v i n g t h e 

d o o r o p e n f o r t h e U K t o j o i n a t a l a t e r 

d a t e . C E R N , o f a l l t h e E u r o p e a n O r g a n i ­

z a t i o n s , h a s a l w a y s b e e n t h e m o s t s u c ­

c e s s f u l b o t h f r o m t h e p o i n t o f v i e w o f t h e 

g o v e r n m e n t s a n d o f t h e s c i e n t i s t s . T h e 

p r o j e c t m u s t n o t b e a l l o w e d t o d e c a y . 

S p o k e s m e n f o r o t h e r d e l e g a t i o n s i n c l u d ­

i n g F r a n c e a n d G e r m a n y e c h o e d t h e s a m e 

f e e l i n g s a n d P r o f e s s o r G . P u p p i w o u n d u p 

t h e d i s c u s s i o n b y a n n o u n c i n g t h a t t h e 

S c i e n t i f i c P o l i c y C o m m i t t e e , o f w h i c h h e 

is C h a i r m a n , h a s a l r e a d y c o n s i d e r e d w h a t 

c o u l d b e d o n e t o k e e p t h e p r o j e c t v i a b l e in 

t h e a d v e n t o f t h e w i t h d r a w a l o f a m a j o r 

S t a t e o r a g r o u p o f s m a l l e r S t a t e s . T h e r e 

h a s b e e n n o t h o u g h t o f c h a n g i n g t h e m a i n 

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

w o u l d s t i l l b e a n e n e r g y o f 3 0 0 G e V , h i g h 

b e a m i n t e n s i t y a n d c a p a c i t y f o r e x t e n s i v e 

e x p l o i t a t i o n . T h e r e v i s i o n h a s c o n c e n t r a t e d 

o n s u c h t h i n g s a s a l o n g e r t i m e - s c a l e t o 

r e a c h f u l l e x p l o i t a t i o n , a r e d u c t i o n o f t h e 

i n v e s t m e n t in e x p e r i m e n t a l e q u i p m e n t , 

c o n s t r u c t i n g o n l y o n e e x p e r i m e n t a l a r e a , 

a n d t h e p o s s i b i l i t y o f b e g i n n i n g o p e r a t i o n 

a t a n i n t e r m e d i a t e e n e r g y . A c c e p t i n g 

r e s t r i c t i o n s o f t h i s n a t u r e w o u l d r e d u c e t h e 

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

p o s s i b i l i t i e s w i l l b e a v a i l a b l e v e r y s o o n . 

F i n a l l y , t h e D i r e c t o r G e n e r a l u r g e d a l l 

t h e o t h e r c o u n t r i e s t o p r e s s f o r w a r d f o r a 

d e c i s i o n a s q u i c k l y a s p o s s i b l e , t a k i n g i t 

a s a p r e m i s t h a t a s o u n d v a r i a n t o f t h e 

p r o j e c t w i l l b e p r o d u c e d . 

Others topics 

T h r e e o t h e r t o p i c s f r o m t h o s e c o v e r e d a t 

t h e C o u n c i l m e e t i n g h a v e b e e n p i c k e d o u t 

f o r m e n t i o n . 

In J u n e 1967 , t h e G e r m a n d e l e g a t i o n 

r e q u e s t e d t h a t G e r m a n s h o u l d b e r e c o ­

g n i z e d a s a l a n g u a g e o f C E R N ( t h e t w o 

o f f i c i a l l a n g u a g e s b e i n g E n g l i s h a n d 

F r e n c h ) . A W o r k i n g P a r t y c o n s i s t i n g o f 

M r . A . C h a v a n n e ( S w i t z e r l a n d ) , Dr . W . 

K u m m e r ( A u s t r i a ) a n d A m b a s s a d o r C h r . 

S o m m e r f e l t ( N o r w a y ) w a s s e t u p t o e x a m i n e 

t h e p r o b l e m a n d t o p r e s e n t r e c o m m e n ­

d a t i o n s t o t h e C o u n c i l . T h e s e r e c o m m e n ­

d a t i o n s w e r e a c c e p t e d a t t h e C o u n c i l 

m e e t i n g . 

T h e y i n v o l v e a n a m e n d m e n t t o t h e 

C o u n c i l ' R u l e s o f P r o c e d u r e ' . F r o m n o w 

o n , i n t e r p r e t a t i o n w i l l b e p r o v i d e d a t m e e t ­

i n g s o f t h e C o u n c i l a n d i t s s u b o r d i n a t e 

b o d i e s in E n g l i s h , F r e n c h a n d G e r m a n a n d 

t h e a s s o c i a t e d d o c u m e n t s w i l l c a r r y a 

s u m m a r y in t h e s e t h r e e l a n g u a g e s . In 

a d d i t i o n , a G e r m a n t e x t o f t h e C E R N C o n ­

v e n t i o n w i l l b e p u b l i s h e d . O t h e r w i s e t h e 

p r e s e n t p r a c t i c e , w h e r e b y t h e u s e o f 

l a n g u a g e s o t h e r t h a n E n g l i s h a n d F r e n c h 

is l e f t t o t h e d i s c r e t i o n o f t h e D i r e c t o r 

G e n e r a l , w h o d e c i d e s w h e t h e r i t is i n t h e 

i n t e r e s t s o f C E R N , w i l l c o n t i n u e . 

T h e C o u n c i l a p p r o v e d t h e A g r e e m e n t 

b e t w e e n C E R N a n d t h e E u r o p e a n S o u t h e r n 

O b s e r v a t o r y ( E S O ) w h i c h a l l o w s t h e s t a f f 

o f t h e O b s e r v a t o r y t o j o i n t h e C E R N S t a f f 

I n s u r a n c e S c h e m e . T h e n u m b e r o f E S O 

p e r s o n n e l is v e r y s m a l l ( a r o u n d t w e n t y ) 

a n d it is o b v i o u s l y i m p r a c t i c a b l e f o r t h e m 

t o e s t a b l i s h a n I n s u r a n c e S c h e m e t h e m ­

s e l v e s . S i n c e t h e i r c o n d i t i o n s o f s e r v i c e 

a r e v e r y c l o s e t o t h o s e a t C E R N t h e y c a n 

r e a d i l y b e a b s o r b e d i n t o t h e C E R N s c h e m e . 

T h e C o u n c i l r e n e w e d f o r t h r e e y e a r s 

t h e a p p o i n t m e n t o f D r . M . G . N . H i n e a s 

D i r e c t o r o f t h e A p p l i e d P h y s i c s D e p a r t m e n t . 
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Support for pure science 

V. F. Weisskopf 
In the March issue of 'Scientific American', 
Professor V.F. Weisskopf (former Director General 
of CERN, now at the Massachusetts Institute of 
Technology) reviewed the book 'The Politics of 
Pure Science' by D.S. Greenberg. A large part of 
his review was devoted to encouraging support 
for pure science. It relates particularly to the 
science scene in the USA but is applicable also 
to Europe especially in the light of the proposal 
for a 300 GeV accelerator. 

Reprinted with permission. Copyright (c) 1968 
by Scientific American, Inc. All rights reserved. 

W h y s h o u l d t h e G o v e r n m e n t u s e t h e t a x ­

p a y e r ' s m o n e y t o s u p p o r t b a s i c s c i e n c e ? 

In m o s t o t h e r a r e a s o f p u b l i c s p e n d i n g , 

C o n g r e s s a n d t h e p e o p l e c a n j u d g e ( o r 

b e l i e v e t h e y c a n j u d g e ) t h e v a l u e a n d t h e 

i m p l i c a t i o n s o f w h a t p u b l i c m o n e y is s p e n t 

f o r ; t h e y b e l i e v e t h e y c a n f i n d o u t w h e t h e r 

t h e m o n e y w a s s p e n t w e l l o r no t . W h e n it 

c o m e s t o b a s i c s c i e n c e , h o w e v e r , t h e y a r e 

n o t a b l e t o j u d g e t h e q u a l i t y a n d r e l e v a n c e 

o f w h a t t h e y g e t f o r t h e i r m o n e y , a n d t h e y 

a r e w e l l a w a r e o f i t . O n l y s c i e n t i s t s t h e m ­

s e l v e s c a n g a u g e a p r o j e c t ' s i m p o r t a n c e 

a n d i t s s u c c e s s o r f a i l u r e . T h e y a r e r e c i ­

p i e n t s , a d m i n i s t r a t o r s a n d j u d g e s a l l a t t h e 

s a m e t i m e . T h e t r o u b l e c o m e s f r o m t h e 

f a c t t h a t t h e l a y m a n c a n n o t u n d e r s t a n d 

s c i e n c e w e l l e n o u g h t o m a k e r e s p o n s i b l e 

j u d g m e n t s . H e m a y h a v e a r o u g h i d e a o f 

w h a t is g o i n g o n , b u t h e is f a r f r o m a b l e t o 

e v a l u a t e n e w s c i e n t i f i c d e v e l o p m e n t s . I t is 

a m o s t u n u s u a l a n d m o s t i r r i t a t i n g s i t u a t i o n . 

T h e p r o b l e m h a s b e c o m e a c u t e o n l y 

d u r i n g t h e p a s t t w o d e c a d e s . B e f o r e t h e 

w a r , t h e c o s t o f b a s i c r e s e a r c h w a s s o 

l o w t h a t i t c o u l d b e b o r n e b y p r i v a t e 

s o u r c e s a n d b y p u b l i c m o n e y e a r m a r k e d 

f o r e d u c a t i o n . T h a t is n o l o n g e r s o . T h e 

a n n u a l e x p e n d i t u r e o n b a s i c s c i e n c e in t h e 

U.S., $ 3 b i l l i o n , is t o o m u c h f o r s u c h 

s o u r c e s . T o b e s u r e , i t is n o t m u c h c o m ­

p a r e d w i t h $ 1 3 b i l l i o n p e r y e a r o n a l c o ­

h o l i c b e v e r a g e s , $ 8 . 4 b i l l i o n o n t o b a c c o 

a n d m o r e t h a n $ 3 b i l l i o n o n ' d u r a b l e t o y s , 

s p o r t s e q u i p m e n t , p l e a s u r e b o a t s a n d 

p l e a s u r e a i r c r a f t . ' 

I m e n t i o n t h e s e f i g u r e s in o r d e r t o s u g ­

g e s t w h y w e s h o u l d d o a w a y w i t h o n e 

p o p u l a r a r g u m e n t a g a i n s t b a s i c s c i e n c e , 

w h i c h goes as fo l lows ; I t is i m m o r a l to 

s p e n d s o m u c h m o n e y o n s o m e t h i n g t h a t 

h a s n o i m m e d i a t e u s e a n d is o f i n t e r e s t 

o n l y t o a v e r y s m a l l c o m m u n i t y , w h e n 

m o n e y is n e e d e d f o r t h e a n t i p o v e r t y 

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

r e h a b i l i t a t i o n o f c i t i e s . T h i s a r g u m e n t 

d e r i v e s i t s s t r e n g t h f r o m t h e f a c t t h a t w e 

s p e n d e v e n l e s s o n t h e w a r a g a i n s t 

p o v e r t y t h a n w e d o o n b a s i c s c i e n c e . T h i s 

is a s h a m e f u l s t a t e o f a f f a i r s t h a t s h o u l d 

b e c h a n g e d . T h e p r o b l e m m u s t , h o w e v e r , 

b e p u t i n a d i f f e r e n t f o r m . C l e a r l y t h e 

s u p p o r t o f b a s i c s c i e n c e is l e s s u r g e n t 

t h a n t h e w a r a g a i n s t p o v e r t y . T h a t is n o t 

t h e q u e s t i o n ; a l l w e n e e d t o s h o w is t h a t 

b a s i c s c i e n c e is m o r e i m p o r t a n t , t h a n , s a y , 

15 p e r c e n t o f d r i n k i n g , s m o k i n g a n d 

' d u r a b l e t o y s ' . 

E v e n t h i s m a y b e a d i f f i c u l t t a s k . W e 

s h o u l d d i s t i n g u i s h b e t w e e n t w o g r o u p s o f 

b a s i c s c i e n c e s . O n e g r o u p I w o u l d c a l l t h e 

' o b v i o u s l y a p p l i c a b l e ' k i n d o f s c i e n c e s . 

T h e o t h e r is t h e n o t s o o b v i o u s l y a p p l i ­

c a b l e k i n d f o r w h i c h I s h a l l u s e t h e t e r m 

' f r o n t i e r ' s c i e n c e s , w i t h o u t m e a n i n g t o 

i m p l y t h a t t h e s c i e n c e s o f t h e f i r s t k i n d 

a r e n o t a l s o s c i e n t i f i c f r o n t i e r s . T h e f i r s t 

g r o u p i n c l u d e s m o l e c u l a r b i o l o g y , s o l i d -

s t a t e p h y s i c s , p l a s m a p h y s i c s a n d s o o n . 

T h e s e d i s c i p l i n e s f u n c t i o n a s p u r e s c i e n c e s , 

t h a t i s , t h e y a r e p u r s u e d w i t h t h e a i m o f 

d i s c o v e r i n g b a s i c p h e n o m e n a a n d w i t h o u t 

a n y p r a c t i c a l a p p l i c a t i o n s in m i n d . S t i l l , i t is 

o b v i o u s t h a t a n y p r o g r e s s in m o l e c u l a r 

b i o l o g y w i l l b e r e l e v a n t t o s o m e m e d i c a l 

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

t h e s o l i d s t a t e w i l l b e h e l p f u l f o r t h e p r o ­

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

a n d t h a t p l a s m a p h y s i c s w i l l e v e n t u a l l y 

e n a b l e u s t o e x p l o i t t h e e n e r g y o f n u c l e a r 

f u s i o n . 

T h e s e c o n d g r o u p i n c l u d e s e l e m e n t a r y -

p a r t i c l e p h y s i c s , g a l a c t i c a n d e x t r a - g a l a c t i c 

a s t r o n o m y , c o s m o l o g y a n d s o f o r t h . T h e s e 

s c i e n c e s d e a l w i t h d i s t a n t o b j e c t s ; e l e m e n ­

t a r y p a r t i c l e s in t h e m o d e r n s e n s e a r e a l s o 

' d i s t a n t ' , s i n c e m e s o n s a n d b a r y o n s a p p e a r 

o n l y w h e n m a t t e r is s u b j e c t e d t o e x t r e m e l y 

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

b l e o n t h e e a r t h b u t a r e p r o b a b l y f o u n d 

s o m e w h e r e e l s e in t h e u n i v e r s e . T h e 

' d i s t a n t ' f e a t u r e o f t h e s e s c i e n c e s is w h a t 

m a k e s t h e m e x p e n s i v e . It c o s t s m o n e y t o 

c r e a t e c o n d i t i o n s in t h e l a b o r a t o r y i m i t a t ­

i n g c o n d i t i o n s t h a t m a y e x i s t o n l y i n s o m e 

e x p l o d i n g g a l a x y . I t c o s t s m o n e y t o b u i l d 

i n s t r u m e n t s f o r s t u d y i n g t h e l i m i t s o f t h e 

u n i v e r s e . In s h o r t , t h e s e s c i e n c e s d o n o t 

h a v e o b v i o u s a p p l i c a t i o n s b e c a u s e t h e y 
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d e a l w i t h p h e n o m e n a t h a t d o n o t o c c u r 

o n t h e e a r t h . 

T h e p r o b l e m o f p u b l i c s u p p o r t is q u i t e 

d i f f e r e n t f o r t h e t w o g r o u p s o f s c i e n c e s . 

S u p p o r t f o r t h e f i r s t g r o u p is n o p r o b l e m 

a t a l l . It is t r u e t h a t e v e n in t h e s e s c i e n c e s 

o n l y s c i e n t i s t s a r e a b l e t o j u d g e t h e r e s u l t s 

o f t h e i r w o r k ; t h e r e f o r e t h e s c i e n t i f i c 

c o m m u n i t y h a s b e e n b o t h t h e r e c i p i e n t o f 

f u n d s a n d t h e d i s t r i b u t o r , a n d w i l l h a v e t o 

r e m a i n s o . T h e s y s t e m h a s w o r k e d f a i r l y 

w e l l a n d h a s p r o d u c e d r e m a r k a b l e r e s u l t s . 

I t is w e l l k n o w n t h a t t h e s e r e s u l t s h a v e h a d 

a h e a v y i m p a c t o n m e d i c i n e a n d t e c h ­

n o l o g y . E v e r y o n e w a n t s c u r e s f o r c a n c e r , 

e v e r y o n e w a n t s a n e c o n o m i c m e t h o d f o r 

d e - s a l t i n g s e a w a t e r , e v e r y o n e u n d e r s t a n d s 

t h e n e c e s s i t y o f b a s i c r e s e a r c h o f t h e f i r s t 

k i n d f o r t h e s e r e s u l t s . T h e r e w i l l a l w a y s 

b e m o n e y f o r b a s i c s c i e n c e o f t h e f i r s t 

k i n d . It w i l l s o m e t i m e s b e t o o l i t t l e a n d 

s o m e t i m e s e v e n t o o m u c h , b u t t h e r e is n o 

f u n d a m e n t a l p r o b l e m in c o n v i n c i n g t h e 

n o n - s c i e n t i s t o f t h e i m p o r t a n c e o f t h e s e 

s c i e n c e s f o r m a n y p r a c t i c a l a i m s . 

T h e s i t u a t i o n is d i f f e r e n t w i t h t h e s e c ­

o n d g r o u p o f s c i e n c e s . T h e r e a r e t w o 

a s p e c t s t o t h e s e s c i e n c e s . L e t us t a k e 

h i g h - e n e r g y p h y s i c s a s a n e x a m p l e . O n e 

a s p e c t i s t h a t t h e r e s e a r c h is d i r e c t e d 

t o w a r d t h e i n n e r m o s t s t r u c t u r e o f m a t t e r 

a n d t h e r e f o r e is l o o k i n g f o r t h e m o s t f u n d a ­

m e n t a l l a w s o f n a t u r e t h a t g o v e r n t h e 

b e h a v i o u r o f m a t t e r . I t s e e k s t h e r e a s o n s 

f o r t h e e x i s t e n c e o f e l e c t r o n s , p r o t o n s a n d 

n e u t r o n s a n d f o r t h e i r h a v i n g t h e p r o p e r t i e s 

t h e y e x h i b i t . T h e o t h e r a s p e c t is t h a t 

s c i e n c e s s u c h a s h i g h - e n e r g y p h y s i c s 

u n c o v e r a n e w w o r l d o f n a t u r a l p h e n o m e n a 

u n k n o w n t o u s b e f o r e . 

O n e m u s t g r a n t t h a t t h e f i r s t a s p e c t is 

e x c i t i n g p r i m a r i l y t o t h e s c i e n t i s t s i n v o l v e d , 

s i n c e o n l y t h e y c a n s e n s e a n d e v a l u a t e 

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

T o t h e o u t s i d e r t h e s e c o n d a s p e c t a l s o 

h a s a r a t h e r e s o t e r i c c h a r a c t e r . I t s e e m s 

t o h a v e n o c o n n e c t i o n w i t h t h e r e s t o f o u r 

a c t i v i t i e s a n d v i t a l i n t e r e s t s . T o b e s u r e , 

t h e s e d i s c o v e r i e s a r e i n t e r e s t i n g , s o m e ­

t i m e s e v e n f a s c i n a t i n g , a s w h e n c o s m o l o g y 

t o u c h e s o n q u e s t i o n s s u c h a s ' D i d t h e 

w o r l d b e g i n w i t h a ' b i g b a n g ' ? ' S t i l l , t h e 

o r d i n a r y c i t i z e n m a y f e e l t h a t h e c a n l i v e 

w i t h o u t t h i s e x c i t e m e n t a n d t h a t i t d o e s 

n o t s e e m w o r t h s e v e r a l h u n d r e d m i l l i o n 

d o l l a r s a y e a r . 

T h e ' o b v i o u s l y a p p l i c a b l e ' s c i e n c e s d e a l 

w i t h o b j e c t s t h a t h a v e b e e n u n d e r s t u d y 

f o r a l o n g t i m e a n d b e l o n g t o t h e h u m a n 

e n v i r o n m e n t . T h a t is w h y t h e s e s c i e n c e s 

a r e r e l e v a n t t o e a c h o t h e r a n d t o t e c h ­

n o l o g y . T h e a r g u m e n t a g a i n s t t h e ' f r o n ­

t i e r ' s c i e n c e s is t h a t t h e y d e a l w i t h 

p r o b l e m s f a r r e m o v e d f r o m t h e h u m a n 

e n v i r o n m e n t a n d a r e t h e r e f o r e o f m i n o r 

s o c i a l r e l e v a n c e . 

I b e l i e v e t h i s p o i n t o f v i e w is t h o r o u g h l y 

i n c o n s i s t e n t . W h a t is t h e h u m a n e n v i r o n ­

m e n t ? T e n t h o u s a n d y e a r s a g o t h e r e w e r e 

n o m e t a l s in t h e h u m a n e n v i r o n m e n t . 

M e t a l s a r e r a r e l y f o u n d in p u r e f o r m in 

n a t u r e . A f t e r m a n d i s c o v e r e d h o w t o 

c r e a t e t h e m f r o m o r e s , h o w e v e r , t h e y 

p l a y e d a n i m p o r t a n t r o l e in h i s e n v i r o n ­

m e n t . T h e f i r s t p i e c e o f c o p p e r m u s t h a v e 

l o o k e d v e r y e s o t e r i c a n d u s e l e s s . In f a c t , 

m a n f o r a l o n g t i m e u s e d i t o n l y f o r d e c o ­

r a t i o n . L a t e r t h e i n t r o d u c t i o n o f t h i s n e w 

m a t e r i a l i n t o m a n ' s k e n g a v e r i s e t o i n t e r ­

e s t i n g p o s s i b i l i t i e s t h a t u l t i m a t e l y l e d t o t h e 

d o m i n a n t r o l e o f m e t a l s in h i s e n v i r o n m e n t . 

In s h o r t , w e h a v e c r e a t e d a m e t a l l i c 

e n v i r o n m e n t . 

T o c h o o s e a n o t h e r e x a m p l e , b u l k e l e c ­

t r i c i t y in n a t u r e is r a r e ; i t a p p e a r s o n l y 

i n l i g h t n i n g a n d i n f r i c t i o n a l e l e c t r o s t a t i c s . 

It w a s n o t a n i m p o r t a n t p a r t o f t h e h u m a n 

e n v i r o n m e n t . A f t e r l o n g y e a r s o f e s o t e r i c 

r e s e a r c h i n t o m i n u t e e f f e c t s it w a s p o s s i b l e 

t o r e c o g n i z e t h e n a t u r e o f e l e c t r i c a l 

p h e n o m e n a a n d t o f i n d o u t w h a t a d o m i n a n t 

r o l e t h e y p l a y i n t h e a t o m . T h e i n t e r a c t i o n 

o f t h e s e n e w p h e n o m e n a w i t h t h e h u m a n 

w o r l d c r e a t e d t h e c o m p l e t e l y n e w e l e c t r i c a l 

e n v i r o n m e n t i n w h i c h w e l i v e t o d a y . 

T h e n e w e s t e x a m p l e is n u c l e a r p h y s i c s . 

In t h e e a r l y d a y s p r y i n g i n t o t h e n u c l e u s 

w a s c o n s i d e r e d a p u r e l y a c a d e m i c a c t i v i t y , 

d i r e c t e d o n l y t o w a r d t h e a d v a n c e m e n t o f 

k n o w l e d g e a b o u t t h e i n n e r m o s t s t r u c t u r e 

o f m a t t e r . In 1933 , L o r d R u t h e r f o r d s a i d 

' A n y o n e w h o e x p e c t s a s o u r c e o f p o w e r 

f r o m t h e t r a n s f o r m a t i o n o f t h e s e a t o m s is 

t a l k i n g m o o n s h i n e ' . I i m a g i n e h i s c o n ­

c l u s i o n w a s b a s e d o n t h e s a m e k i n d o f 

r e a s o n i n g I h a v e c i t e d a b o v e : N u c l e a r 

p h e n o m e n a a r e t o o f a r r e m o v e d f r o m t h e 

h u m a n e n v i r o n m e n t . I t is t r u e t h a t , a p a r t 

f r o m t h e c o m p a r a t i v e l y s m a l l c o n t r i b u t i o n 

o f n a t u r a l r a d i o a c t i v i t y , n u c l e a r r e a c t i o n s 

m u s t b e a r t i f i c i a l l y i n d u c e d w i t h c o s t l y 

f l u x e s o f e n e r g e t i c p a r t i c l e s . L a r g e - s c a l e 

n u c l e a r p h e n o m e n a o n t h e e a r t h a r e 

s t r i c t l y m a n - m a d e ; t h e y o c c u r n a t u r a l l y 

o n l y i n t h e c e n t r e o f s t a r s . H e r e a g a i n t h e 

i n t r o d u c t i o n o f t h e s e m a n - m a d e p h e n o m e n a 

i n t o t h e h u m a n e n v i r o n m e n t h a s l e d t o a 

l a r g e n u m b e r o f i n t e r a c t i o n s : a r t i f i c i a l 

r a d i o a c t i v i t y h a s r e v o l u t i o n i z e d m a n y 

b r a n c h e s o f m e d i c i n e , b i o l o g y , c h e m i s t r y 

a n d m e t a l l u r g y , a n d n u c l e a r f i s s i o n is a 

s t e a d i l y e n l a r g i n g s o u r c e o f e n e r g y . 

N u c l e a r p h e n o m e n a t o o a r e a n i m p o r t a n t 

p a r t o f t h e h u m a n e n v i r o n m e n t . 

P h y s i c s is n o w in t h e p r o c e s s o f d i s ­

c o v e r i n g a n o t h e r n e w w o r l d o f p h e n o m e n a 

a t e v e n h i g h e r e n e r g i e s . T h e d i s c o v e r y o f 

t h i s n e w w o r l d is o n e o f t h e m o s t r e m a r k a ­

b l e f e a t s o f s c i e n c e . I ts i m p o r t a n c e is 

u s u a l l y n o t r e c o g n i z e d b y t h e l a y m a n , w h o 

is m o r e l i k e l y t o b e i m p r e s s e d b y t h e d i s ­

c o v e r i e s c o n c e r n i n g t h e s u r f a c e o f t h e 

m o o n . W h a t is t h e s u r f a c e o f t h e m o o n 

c o m p a r e d w i t h p h e n o m e n a t h a t i n n a t u r e 

a r e p r o b a b l y h a p p e n i n g o n l y in t h e i n t e r i o r 

o f q u a s a r s a n d e x p l o d i n g g a l a x i e s ? T h e 

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

o f s c i e n t i s t s ; t h e y t r y t o e x p l a i n S U 3 

s y m m e t r i e s t o n e w s p a p e r r e p o r t e r s i n s t e a d 

o f t e l l i n g t h e m w h a t t h e w h o l e t h i n g is 

a b o u t . T h e y t h e m s e l v e s c a n n o t s e e t h e 

f o r e s t f o r t h e t r e e s ! 

W h e n t h i s n e w w o r l d o f s u b - n u c l e a r 

p a r t i c l e p h e n o m e n a is i n t r o d u c e d i n t o t h e 

h u m a n e n v i r o n m e n t , i t is b o u n d t o i n t e r a c t 

w i t h t h e e n v i r o n m e n t i n n e w w a y s . N o b o d y 

k n o w s w h a t w i l l h a p p e n w h e n i t b e c o m e s 

p o s s i b l e t o p r o d u c e b e a m s o f p a r t i c l e s 

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

t h o s e o f t o d a y — b e a m s in w h i c h a l l t h e 

n e w p a r t i c l e s w i l l b e m a s s - p r o d u c e d t o 

r e a c t w i t h t h e e n v i r o n m e n t . E v e n n o w s o m e 

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

c l i n i c a l e f f e c t s o f p i o n b e a m s , e f f e c t s t h a t 

c a n n o t b e p r o d u c e d b y o r d i n a r y r a d i a t i o n . 

I t r e f l e c t s a r a t h e r c o n s e r v a t i v e a t t i t u d e 

w h e n o u r h i g h - e n e r g y p h y s i c i s t s s a y t h a t 

t h e i r f i e l d w i l l n e v e r b e o f a n y p r a c t i c a l 

u s e . I w o u l d c o n s i d e r i t h i g h l y u n l i k e l y t h a t 

a m o n g t h e m a n y n e w p h e n o m e n a t h a t w i l l 

r e s u l t f r o m t h e i n t e r a c t i o n o f i n t e n s e h i g h -

e n e r g y b e a m s w i t h o r d i n a r y m a t t e r t h e r e 

w o u l d n o t b e o n e w i t h a n y p r a c t i c a l 

a p p l i c a t i o n . 

H e r e w e s e e t h e r e l e v a n c e o f ' f r o n t i e r ' 

s c i e n c e s : t h e y o p e n u p n e w r e a l m s o f 

n a t u r a l p r o c e s s e s a n d d e e p e n t h e p o o l o f 

p h e n o m e n a w e c a n u s e f o r s c i e n t i f i c a n d 
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Professor Weisskopf photographed at CERN 
during his years as Director General. He returned 
to his research work at MIT at the beginning of 
1966. Professor Weisskopf has long been one of 
the leading exponents of the cause of pure 
science. 

t e c h n o l o g i c a l p u r p o s e s . T h i s , I b e l i e v e , is 

p a r t o f t h e a n s w e r t o G r e e n b e r g ' s 

q u e s t i o n : ' W h e n a h a n d f u l o f p a r t i c l e 

p h y s i c i s t s , a t t h e e x p e n s e o f s e v e r a l 

h u n d r e d m i l l i o n s o f d o l l a r s p e r y e a r in 

p u b l i c f u n d s , e x p l o r e t h e ' p a r t i c l e z o o ' a r e 

t h e y f u l f i l l i n g a p u r p o s e o f s o c i e t y ? O r a r e 

t h e y m e r e l y p u r s u i n g t h e i r o w n c u r i o s i t y 

in v i r t u a l l y t o t a l d i s e n g a g e m e n t f r o m t h e 

s o c i e t y w h i c h s u p p o r t s t h e m ? ' 

T h i s , h o w e v e r , is n o t t h e o n l y r e l e v a n t 

a s p e c t o f t h e f r o n t i e r s c i e n c e s . A n o t h e r 

a s p e c t l i e s in t h e i r i m p o r t a n c e f o r s c i e n ­

t i f i c e d u c a t i o n a n d f o r t h e s t a t e o f s c i e n c e 

a s a w h o l e . T h e f r o n t i e r s c i e n c e s a r e 

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

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

w h a t is k n o w n . A t t h e s a m e t i m e t h e y a r e 

d i r e c t e d t o w a r d p r o b l e m s c o n c e r n i n g t h e 

f o u n d a t i o n s o f o u r p r e s e n t n a t u r a l l a w s 

a n d t h e l i m i t s o f t h e i r v a l i d i t y ; t h e y g e t a t 

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

t h e i r s t i l l u n k n o w n c o n n e c t i o n s . T h e 

e x p a n s i o n o f t h e u n i v e r s e , t h e o r i g i n o f 

t h e u n i v e r s e , t h e r e l a t i o n s a m o n g e l e c t r o ­

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

o r i g i n o f t h e e l e m e n t a r y e l e c t r i c c h a r g e , 

t h e c o n s e r v a t i o n o f b a r y o n s , t h e n a t u r e o f 

w e a k n u c l e a r i n t e r a c t i o n s — a l l a r e 

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

s h u n t h e s e q u e s t i o n s ; i t i s t h e e s s e n c e o f 

s c i e n t i f i c i n q u i r y t o p r o c e e d t o w a r d t h e 

b o t t o m o f t h i n g s . N e w p h e n o m e n a c a n n o t 

b e i g n o r e d ; t h e y m u s t b e i n v e s t i g a t e d . 

L a w s a n d r e g u l a r i t i e s c a n n o t b e a c c e p t e d , 

t h e y m u s t b e u n d e r s t o o d . 

T h e v a l u e o f f u n d a m e n t a l r e s e a r c h d o e s 

n o t l i e o n l y i n t h e i d e a s a n d r e s u l t s i t 

p r o d u c e s . T h e s p i r i t t h a t p r e v a i l s i n t h e 

b a s i c s c i e n c e s a f f e c t s t h e w h o l e s c i e n t i f i c 

a n d t e c h n o l o g i c a l l i f e o f a c o m m u n i t y 

b e c a u s e i t d e t e r m i n e s i t s w a y o f t h i n k i n g 

a n d t h e s t a n d a r d s b y w h i c h i t s c r e a t i o n s 

a r e j u d g e d . A n a t m o s p h e r e o f c r e a t i v i t y i s 

e s t a b l i s h e d t h a t p e n e t r a t e s t o e v e r y f r o n ­

t i e r . T h e a p p l i e d s c i e n c e s a n d t e c h n o l o g y 

a d j u s t t o t h e i n t e l l e c t u a l s t a n d a r d s t h a t 

a r e d e v e l o p e d in t h e b a s i c s c i e n c e s . T h i s 

i n f l u e n c e w o r k s in m a n y w a y s : S o m e 

f u n d a m e n t a l - r e s e a r c h s t u d e n t s g o i n t o 

i n d u s t r y , w h e r e t h e t e c h n i q u e s t h a t h a v e 

b e e n a p p l i e d t o m e e t t h e s t r i n g e n t 

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

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

O n e e x a m p l e t h a t c o m e s t o m i n d is t h e 

t e c h n i q u e o f m e a s u r i n g v e r y s h o r t i n t e r v a l s 

CERN/PI 4627 

o f t i m e , w h i c h w a s d e v e l o p e d f o r t h e 

p u r p o s e s o f h i g h - e n e r g y p h y s i c s . 

In a v a r i e t y o f w a y s , t h e s t y l e a n d t h e 

l e v e l o f s c i e n t i f i c a n d t e c h n i c a l w o r k a r e 

d e t e r m i n e d i n p u r e r e s e a r c h . T h i s i s o n e 

o f t h e i m p o r t a n t s o c i a l f u n c t i o n s o f p u r e 

s c i e n c e ; i t e s t a b l i s h e s t h e c l i m a t e in w h i c h 

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

f l o u r i s h ; i t p u m p s t h e l i f e b l o o d o f i d e a s 

a n d i n v e n t i v e n e s s i n t o l a b o r a t o r i e s a n d 

f a c t o r i e s . 

B u t i t i s n o t o n l y t h e s c i e n t i f i c a n d t e c h ­

n o l o g i c a l w o r l d t h a t is i n f l u e n c e d b y b a s i c 

s c i e n c e . T h e d e e p e r i n s i g h t s i n t o t h e w o r k ­

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

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

p a r t o f t h e c o m m u n i t y , e v e n if t h e n o n -

s c i e n t i s t h a s l i t t l e k n o w l e d g e o f t h e u n d e r ­

l y i n g i d e a s a n d c o n c e p t s . It i s a n 

a w a r e n e s s o f t h e f a r - r e a c h i n g r e s u l t s o f 

s c i e n c e t h a t c o u n t s , a n a w a r e n e s s t h a t w e 

k n o w a b o u t t h e a g e o f t h e e a r t h , t h e e v o l u ­

t i o n a r y d e v e l o p m e n t o f l i f e , t h e o r i g i n o f 

t h e e l e m e n t s , t h e i n d e s t r u c t i b i l i t y o f m a t t e r 

— a b o v e a l l , a n a w a r e n e s s t h a t n a t u r e 

w o r k s a c c o r d i n g t o e x a c t l a w s t h a t e x c l u d e 

m a g i c a n d d e m o n s t r a t e t h a t m a n is n o t a t 

t h e m e r c y o f a c a p r i c i o u s u n i v e r s e . In 

m a n y i n s t a n c e s s c i e n c e is m o r e r e l e v a n t 

w h e n i t p r e d i c t s w h a t c a n n o t h a p p e n t h a n 

i t i s w h e n i t m a k e s p o s i t i v e p r e d i c t i o n s . 

T h e r e a r e s i m i l a r r e a s o n s w h y s c i e n c e 

m u s t p l a y a n i m p o r t a n t r o l e in e d u c a t i o n . 

H e r e t h e ' f r o n t i e r ' s c i e n c e s a r e o f e s p e c i a l 

s i g n i f i c a n c e . W h e n s t u d e n t s a r e i n t r o d u c e d 

t o t h e w o r k i n g s o f n a t u r e , t h e o p e n 

q u e s t i o n s a n d t h e u n s o l v e d f u n d a m e n t a l 

p r o b l e m s a r e b o u n d t o b e t h e c e n t r e o f 

i n t e r e s t . T h e r e is m o r e t o i t t h a n j u s t t h e 

t e a c h i n g o f s c i e n c e . T h e r e is n o s c i e n t i f i c 

e d u c a t i o n w i t h o u t t h e a c t i v e p u r s u i t o f 

r e s e a r c h . T h e s c i e n t i s t s a n d e n g i n e e r s o f 

t h e f u t u r e w i l l h a v e h a d t o b e i m m e r s e d i n 

t h e s p i r i t o f i n q u i r y , t h e y w i l l h a v e h a d t o 

h a v e t a s t e d t h e a t m o s p h e r e o f c o n t i n u o u s 

s e a r c h a t t h e f r o n t i e r s o f k n o w l e d g e if 

t h e y a r e t o b e s u c c e s s f u l in a n y f i e l d — 

p u r e o r a p p l i e d . B a s i c r e s e a r c h , t h e r e f o r e , 

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

s c i e n c e a n d e n g i n e e r i n g . 

S u c h c o n s i d e r a t i o n s m a y h e l p in a n s w e r ­

i n g o n e o f t h e m o s t d i f f i c u l t q u e s t i o n s o f 

s c i e n c e p o l i c y : G i v e n t h a t p u r e s c i e n c e 

m u s t b e s u p p o r t e d , h o w m u c h m o n e y 

s h o u l d b e s p e n t o n i t ? W h a t d e t e r m i n e s 

t h e r i g h t q u a n t i t y o f p u r e s c i e n c e a n d h o w 

f a s t p u r e s c i e n c e s h o u l d d e v e l o p ? I 

b e l i e v e t h e a n s w e r l i es in t h e e d u c a t i o n a l 

r o l e o f b a s i c s c i e n c e . T h e r e s h o u l d b e 

e n o u g h s u p p o r t o f p u r e s c i e n c e — p a r t i c u ­

l a r l y t h e f r o n t i e r s c i e n c e s — t o e n s u r e t h a t 

s c h o l a r s a n d s t u d e n t s a t o u r m a j o r u n i v e r ­

s i t i e s c a n a c t i v e l y p a r t i c i p a t e in s u c h 

r e s e a r c h . T h i s c r i t e r i o n d o e s n o t a l l o w a n 

e x a c t d e t e r m i n a t i o n o f t h e a m o u n t o f 

m o n e y n e e d e d , b u t i t f u r n i s h e s a s o u n d 

o r d e r o f m a g n i t u d e . O n t h i s b a s i s , t h e 

s u p p o r t o f p u r e s c i e n c e in t h e U.S. h a s 

b e e n a d e q u a t e u p t o t h e p r e s e n t . N o w , 

h o w e v e r , a l l s i g n s p o i n t t o w a r d a s t e a d y 

d e c l i n e ; t h e f u t u r e l o o k s d a r k . 

O n t h e o n e h a n d w e f a c e a r a p i d 

e x p a n s i o n o f o u r s y s t e m o f h i g h e r e d u ­

c a t i o n ; w e a l s o f a c e a s t e a d y i n c r e a s e i n 

t h e c o s t o f p u r e r e s e a r c h . O n t h e o t h e r 

h a n d , t h e p r e s e n t p o l i t i c a l t r e n d is a g a i n s t 

a n y e x p a n s i o n o f F e d e r a l s u p p o r t o f 

s c i e n c e . T o d a y t h e m a i n p r o b l e m i n t h e 

p o l i t i c s o f s c i e n c e is : H o w c a n w e p r o t e c t 

t h i s i m p o r t a n t s e c t o r o f m o d e r n s o c i e t y 

f r o m t h e o n s l a u g h t o f o u r c u r r e n t m o r a l , 

s o c i a l , f i n a n c i a l a n d m i l i t a r y c r i s i s ? 
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A n e x p e r i m e n t a l t e a m a t C E R N a r e p a c k i n g 

t h e i r e q u i p m e n t t o m o v e v e r y s o o n t o t h e 

I n s t i t u t e o f H i g h E n e r g y P h y s i c s a t S e r ­

p u k h o v , U S S R . T h e r e t h e t e a m w i l l j o i n 

S o v i e t s c i e n t i s t s f o r t h e f i r s t c o l l a b o r a t i v e 

e x p e r i m e n t t o b e c a r r i e d o u t a t t h e n e w l y 

c o m m i s s i o n e d 70 G e V p r o t o n s y n c h r o t r o n 

— t h e h i g h e s t e n e r g y m a c h i n e in t h e 

w o r l d . 

T h e c o l l a b o r a t i o n is in t h e c o n t e x t o f 

t h e C E R N / S e r p u k h o v A g r e e m e n t ( s e e 

v o l . 7, p a g e 123) . T o r e c a l l b r i e f l y i ts m a i n 

f e a t u r e s : C E R N a r e p r o v i d i n g a f a s t -

e j e c t i o n s y s t e m f o r t h e 70 G e V a c c e l e r a t o r 

a n d r a d i o - f r e q u e n c y p a r t i c l e s e p a r a t o r s 

f o r a b e a m - l i n e t o f e e d a l a r g e b u b b l e 

c h a m b e r . ( P r o g r e s s o n t h e s e p a r a t o r s w a s 

d e s c r i b e d in v o l . 6, p a g e 252 a n d p r o g r e s s 

o n t h e f a s t - e j e c t i o n s y s t e m w i l l b e 

c o v e r e d n e x t m o n t h . ) C E R N t e a m s h a v e 

a c c e s s t o t h e m a c h i n e f o r e x p e r i m e n t s 

c a r r i e d o u t i n j o i n t g r o u p s w i t h t h e i r S o v i e t 

c o l l e a g u e s . 

T h e f i r s t e x p e r i m e n t i n t h e c o l l a b o r a t i o n 

is o f a t y p e w h i c h u s u a l l y f e a t u r e s a m o n g 

t h e f i r s t t o b e d o n e o n a n e w m a c h i n e . It 

is o f t e n k n o w n a s a ' y i e l d e x p e r i m e n t ' 

s i n c e it g i v e s i n f o r m a t i o n o n t h e n u m b e r 

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

t y p e s w h i c h a r e y i e l d e d b y t a r g e t s b o m ­

b a r d e d b y t h e a c c e l e r a t e d p r o t o n b e a m . 

A m o r e f o r m a l t i t l e w o u l d b e 'a m e a s u r e ­

m e n t o f p r o d u c t i o n c r o s s - s e c t i o n s a t 

e n e r g i e s u p t o 70 G e V . It is a n e x p e r i m e n t 

w h i c h d o e s n o t m a k e h e a v y d e m a n d s o n 

t h e m a c h i n e p e r f o r m a n c e ( l i k e a l l t h e 

o t h e r b i g a c c e l e r a t o r s , t h e S e r p u k h o v 

m a c h i n e c a n e x p e c t i t s s h a r e o f o p e r a ­

t i o n a l p r o b l e m s b e f o r e i t is r e a l l y t a m e d ) , 

a n d y e t k n o w l e d g e o f t h e y i e l d s o f d i f f e r ­

e n t p a r t i c l e s is v e r y i m p o r t a n t f o r o p t i m i z ­

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

b e a m s in t h e e x p e r i m e n t a l h a l l . 

T h e a c c e l e r a t e d b e a m w i l l b e d i r e c t e d 

o n t o a n i n t e r n a l t a r g e t ( i .e . a t a r g e t i n s i d e 

t h e a c c e l e r a t o r r i n g ) a n d t h e e x p e r i m e n t 

w i l l m e a s u r e t h e n u m b e r o f n e g a t i v e 

p i o n s , o f n e g a t i v e k a o n s a n d o f a n t i -

p r o t o n s p r o d u c e d b y t h e p r o t o n - n u c l e a r 

c o l l i s i o n s . T o c o m p l e t e t h e i n f o r m a t i o n , t h e 

i n t e n s i t y o f t h e p r o t o n b e a m s w h i c h g a v e 

t h e s e n u m b e r s o f s e c o n d a r y p a r t i c l e s 

n e e d s to b e m e a s u r e d a n d t h i s is d o n e b y 

m o n i t o r i n g t h e r a d i o - a c t i v i t y p r o d u c e d i n 

t h e t a r g e t . ( T h e t a r g e t w i l l b e b r o u g h t t o 

t h e r a d i o - c h e m i s t r y g r o u p a t C E R N w h e n 

it is w i t h d r a w n f r o m t h e m a c h i n e . ) In 

g e n e r a l , a n a l u m i n i u m t a r g e t w i l l b e u s e d . 

T h e C E R N c o m p o n e n t o f t h e j o i n t t e a m 

h a s j u s t c o m p l e t e d a d e t a i l e d s e r i e s o f 

m e a s u r e m e n t s o f t h e s a m e t y p e a t a n 

e n e r g y o f 19 G e V o n t h e C E R N s y n c h r o ­

t r o n a n d t h e S e r p u k h o v m a c h i n e m a y b e 

o p e r a t e d f o r a w h i l e a t t h i s e n e r g y t o 

g i v e s o m e p o i n t s f o r c o m p a r i s o n . 

In a d d i t i o n t o b e i n g i m p o r t a n t f o r t h e 

p l a n n i n g o f b e a m s f o r t h e S e r p u k h o v 

e x p e r i m e n t a l p r o g r a m m e , t h e e x p e r i m e n t 

w i l l b e a u s e f u l p o i n t e r , c o m b i n e d w i t h 

p r e s e n t k n o w l e d g e o f y i e l d s a t l o w e r 

e n e r g i e s , a s t o w h a t c a n b e e x p e c t e d a t 

e n e r g i e s o f s e v e r a l h u n d r e d s o f G e V . It 

w i l l t h u s h e l p in t h e p l a n n i n g o f e x p e r i ­

m e n t a l a r e a s f o r t h e U S A 2 0 0 G e V m a c h i n e 

a n d t h e p r o p o s e d E u r o p e a n 3 0 0 G e V 

m a c h i n e . 

T h e m o r e s p e c i f i c a l l y ' p h y s i c s c o n t e n t ' 

o f t h e e x p e r i m e n t w i l l b e t o a s s e m b l e 

m o r e d a t a t o c h e c k v a r i o u s t h e o r i e s a b o u t 

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

o n a t h i g h e n e r g i e s . 

F o l l o w i n g t h e y i e l d s t u d y , t h e r e w i l l 

b e g i n a p r o g r a m m e o f m e a s u r e m e n t s o f 

t o t a l c r o s s - s e c t i o n s . F o r e x a m p l e , t h e 

n e g a t i v e p i o n - p r o t o n t o t a l c r o s s - s e c t i o n 

w i l l b e m e a s u r e d b y g u i d i n g t h e n e g a t i v e 

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

t o a l i q u i d h y d r o g e n t a r g e t w h e r e t h e y 

w i l l i n t e r a c t a n d t h e a b s o r b t i o n o f t h e 

p i o n s c a n b e m e a s u r e d . T h i s is a n o t h e r 

o f t h e ' f i r s t t h i n g s t o d o ' w h e n a n e w 

e n e r g y r a n g e b e c o m e s a v a i l a b l e . It is 

e x p e c t e d t h a t , o n c e a s u f f i c i e n t l y h i g h 

e n e r g y is r e a c h e d , t h e t o t a l c r o s s - s e c t i o n s 

s h o u l d n o l o n g e r v a r y a s t h e e n e r g y 

i n c r e a s e s f u r t h e r . S o m e s c i e n t i s t s b e l i e v e 

t h a t t h i s l e v e l l i n g o u t o f p h e n o m e n a w i l l 

o c c u r o n l y a t e n e r g i e s w e l l b e y o n d a 

t h o u s a n d G e V ( P r o f e s s o r S. L i n d e n b a u m 

s p o k e a t a r e c e n t C E R N S e m i n a r , s u b ­

t i t l e d 'A v i e w o f a s y m t o p i a ' , o f e n e r g i e s 

o f t h o u s a n d s o f t h o u s a n d s o f G e V ) . T h e 

m e a s u r e m e n t s a t t h e S e r p u k h o v m a c h i n e 

w i l l g i v e s o m e m o r e p o i n t s a t h i g h e r 

e n e r g i e s f o r t h e c u r v e s . 

T h e C E R N t e a m a r e t a k i n g w i t h t h e m 

m o s t o f t h e a s s e m b l y o f c o u n t e r s a n d 

e l e c t r o n i c s w h i c h t h e y u s e d in t h e i r 

e x p e r i m e n t a t t h e P S . I t i n c l u d e s s c i n t i l l a ­

t i o n c o u n t e r s ( w h i c h r e c o r d t h e p a s s a g e 

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

l i g h t ) a n d a D I S C c o u n t e r ( D i f f e r e n t i a l 

I s o c h r o n o u s S e l f C o I I i m a t i n g : a s p e c i a l 

t y p e o f C h e r e n k o v c o u n t e r d e v e l o p e d a t 

C E R N w h i c h m a k e s i t p o s s i b l e t o d i s ­

t i n g u i s h b e t w e e n p a r t i c l e s w h i c h h a v e 

v e l o c i t i e s v e r y c l o s e t o o n e a n o t h e r — t h e 

u s e o f t h e D I S C c o u n t e r w i l l b e v e r y 

i m p o r t a n t f o r s i f t i n g t h e p i o n s , f r o m t h e 

k a o n s , f r o m t h e p r o t o n s a t t h e s e h i g h 

e n e r g i e s ) . 

C E R N s c i e n t i s t s w i l l p r o b a b l y g o t o 

S e r p u k h o v i n g r o u p s o f a b o u t s i x a t a 

t i m e a n d t h e y w i l l b e d r a w n f r o m t h e 

t e a m w h o d i d t h e e q u i v a l e n t e x p e r i m e n t 

a t C E R N — J . A l l a b y , A . D i d d e n s , A . 

K l o v n i n g , E. S a c h a r i d i s , K. S c h l u p m a n n , 

A . W e t h e r e l l , F. B i n o n , P. D u t e i l , R. M e u ­

n i e r , J .P . P e i g n e u x , J . P . S p i g h e l a n d J . P . 

S t r o o t . T h e y w i l l p r o b a b l y w o r k a t S e r ­

p u k h o v f o r p e r i o d s o f t h r e e t o s i x m o n t h s 

a t a t i m e a n d , w h e n e v e r p o s s i b l e , t h e i r 

f a m i l i e s w i l l g o w i t h t h e m . A p p a r t m e n t s 

a r e a v a i l a b l e in b l o c k s o f f l a t s a t P r o t v i n o , 

t h e L a b o r a t o r y v i l l a g e . T h e v i l l a g e h a s 

g r o w n to s e v e r a l t h o u s a n d p e o p l e . T h e 

t o w n o f S e r p u k h o v i t s e l f is a b o u t 2 0 k m 

a w a y a n d M o s c o w is a b o u t 100 k m t o t h e 

N o r t h . 

ISR Users' Meeting 
O n 10, 11 J u n e a l a r g e g a t h e r i n g o f 

p o t e n t i a l u s e r s o f t h e I n t e r s e c t i n g S t o r a g e 

R i n g s t o o k p l a c e a t C E R N . M o r e t h a n a 

h u n d r e d s c i e n t i s t s f r o m o u t s i d e C E R N 

c a m e to t h e m e e t i n g , p r e d o m i n e n t l y f r o m 

t h e E u r o p e a n U n i v e r s i t i e s b u t a l s o w i t h 

s o m e o b s e r v e r s f r o m L a b o r a t o r i e s in t h e 

U S A . D u r i n g t h e t w o d a y s , t h e M a i n A u d i ­

t o r i u m w a s p a c k e d f o r a s e r i e s o f l e c t u r e s 

a n d i t w a s o b v i o u s t h a t t h e e x c i t e m e n t a n d 

t h e c h a l l e n g e o f u s i n g t h i s u n i q u e i n s t r u ­

m e n t f o r p h y s i c s is a t t r a c t i n g m a n y 

s c i e n t i s t s . 

T h e a i m o f t h e m e e t i n g w a s t o r e v i e w 

t h e p r e s e n t t h i n k i n g a b o u t h o w t h e i n i t i a l 

p r o g r a m m e a t t h e ISR m i g h t t a k e s h a p e 

a n d t o b r i n g t h e p o t e n t i a l u s e r s f u l l y i n t o 

p a r t i c i p a t i o n in t h e e v o l u t i o n o f t h e 

p r o g r a m m e . 

S i n c e t h e b e g i n n i n g o f t h i s y e a r a ' w o r k ­

i n g p a r t y ' o f e x p e r i m e n t a l p h y s i c i s t s a n d 
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The formidable shielding block of closely packed 
steel ingots, which was used in the neutrino 
experiments, being re-built to allow another 
beam-line to be taken to the heavy liquid 
bubble chamber. 

ISR b u i l d e r s h a v e b e e n m e e t i n g w e e k l y a t 

C E R N t o d i s c u s s t h e p r o b l e m s i n v o l v e d in 

u s i n g t h e ISR f o r e x p e r i m e n t s a n d t o 

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

e q u i p m e n t w h i c h w i l l b e n e e d e d . T h e 

w o r k i n g p a r t y h a s b e e n l e d b y E. P i c a s s o 

a n d K. W i n t e r . T h e t w o - d a y m e e t i n g w a s 

a s t a r t t o w a r d s b r i n g i n g a b o u t t h e l a r g e s t 

p o s s i b l e p a r t i c i p a t i o n o f t e a m s f r o m t h e 

U n i v e r s i t i e s . T h i s p a r t i c i p a t i o n n e e d s t o 

b e g i n n o w , a b o u t t h r e e y e a r s b e f o r e t h e 

ISR is s c h e d u l e d f o r c o m p l e t i o n . 

E x p e r i m e n t s o n t h e p r o t o n s y n c h r o t r o n 

r e q u i r e a l o n g t i m e o f p r e p a r a t i o n ( p r o b a b l y 

o f t h e o r d e r o f a y e a r o n a v e r a g e ) b e f o r e a 

t e a m a c t u a l l y b e g i n s t o r e c e i v e a b e a m 

f r o m t h e m a c h i n e b u t t h e p r e p a r a t i o n t i m e 

f o r e x p e r i m e n t s o n t h e I S R w i l l b e e v e n 

l o n g e r . A l a r g e p a r t o f t h e p l a n n i n g o f 

c o n v e n t i o n a l e x p e r i m e n t s c a n g o o n v i r t u ­

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

t h e p a r t i c l e s a n d e x p e r i m e n t s i n v o l v i n g 

m a j o r m o d i f i c a t i o n s t o t h e P S i t s e l f a r e 

v e r y r a r e — o n e b e a m - l i n e , f o r e x a m p l e , 

c a n s e r v e a s e q u e n c e o f e x p e r i m e n t s 

w h i c h c o m e t o s i t a t t h e e n d o f i t . E x p e r i ­

m e n t s w i t h t h e ISR , o n t h e o t h e r h a n d , 

m a y o f t e n i n v o l v e m a j o r c h a n g e s in t h e 

i n t e r a c t i o n r e g i o n s . S p e c i a l m a g n e t s m a y 

b e n e e d e d t o s e p a r a t e s e c o n d a r y p a r t i c l e s , 

c o m i n g f r o m t h e i n t e r a c t i o n s o f t h e 

p r o t o n b e a m s , a n d t h e s e m a g n e t s w i l l h a v e 

t o b e i n t e g r a t e d in t h e m a g n e t l a t t i c e o f 

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

s t o r a g e o f t h e b e a m s . S p e c i a l v a c u u m 

c h a m b e r s m a y b e r e q u i r e d in t h e i n t e r ­

a c t i o n r e g i o n w h e r e t h e r e is u l t r a - h i g h 

v a c u u m (1CT 1 0 t o 1CT 1 1 t o r r ) . M o d i f i c a t i o n s 

o f t h i s t y p e a n d s c a l e t a k e a l o n g t i m e t o 

p l a n a n d t h e n i n v o l v e a l o n g t i m e f o r m a n u ­

f a c t u r e a n d i n s t a l l a t i o n . It is c o n s i d e r a t i o n s 

l i k e t h i s t h a t m a k e i t n e c e s s a r y t o p l a n 

t h e e x p e r i m e n t s n o w . 

D i s c u s s i o n s a t t h e m e e t i n g r e s u l t e d 

in t h e d e c i s i o n t h a t E u r o p e a n g r o u p s 

w h o w i s h t o p a r t i c i p a t e a c t i v e l y in t h e 

p r e p a r a t o r y w o r k w i l l s e n d ' l e t t e r s o f 

i n t e n t ' t o C E R N . T h e s e l e t t e r s w i l l g i v e 

s o m e e s t i m a t e s o f t h e n u m b e r o f p e o p l e 

w h o c o u l d b e c o m e i n v o l v e d , t h e e f f o r t 

t h e y c o u l d s u p p l y , a n d t h e t y p e o f 

p h y s i c s t h e y w o u l d b e i n t e r e s t e d i n . A l l 

t h e w o r k w h i c h e m e r g e s f r o m t h i s s t a g e 

is t o b e m a d e i m m e d i a t e l y a v a i l a b l e t o t h e 

E u r o p e a n s u b - n u c l e a r p h y s i c s c o m m u n i t y . 

A s e c o n d m e e t i n g is p l a n n e d f o r O c t o b e r 

a n d it is h o p e d t h a t , b y t h e n , g r o u p s f r o m 

o u t s i d e C E R N w i l l b e p l a y i n g a l e a d i n g 

p a r t in t h e p r e s e n t a t i o n o f i n f o r m a t i o n . 

The 1 metre model 
In J u l y 1967 , t h e d e c i s i o n w a s t a k e n t o 

b u i l d a l a r g e E u r o p e a n h y d r o g e n b u b b l e 

c h a m b e r ( B E B C ) . A S a p r e l i m i n a r y t o t h e 

c o n s t r u c t i o n o f t h i s 3.7 m c h a m b e r , a 

m o d e l , 1 m in d i a m e t e r , h a s b e e n b u i l t 

a n d w a s ' c o o l e d d o w n ' f o r t h e f i r s t 

t i m e a t t h e b e g i n n i n g o f J u n e . T h e 

m o d e l is t o b e u s e d f o r s o m e v e r y r e f i n e d 

s t u d i e s o f b u b b l e c h a m b e r p r o p e r t i e s . F o r 

t h e b e n e f i t p a r t i c u l a r l y o f p e o p l e i n v o l v e d 

in t h e b u b b l e c h a m b e r f i e l d , w e p r e s e n t 

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

a n d i ts s c h e d u l e d p r o g r a m m e o f t e s t s . 

T h e E u r o p e a n c h a m b e r ( w h i c h w a s 

d e s c r i b e d in C E R N C O U R I E R v o l . 7, 

p a g e 1 4 p d i f f e r s c o n s i d e r a b l y f r o m t h e 

c h a m b e r s a t p r e s e n t in o p e r a t i o n . T h e 

d e s i g n i n c o r p o r a t e s a n u m b e r o f n e w 

f e a t u r e s — t h e u s e o f a l a r g e s u p e r ­

c o n d u c t i n g m a g n e t t o g i v e a f i e l d o f 

35 k G ; a n a r r a n g e m e n t o f t h e e x p a n s i o n 

s y s t e m a t t h e b a s e o f t h e c h a m b e r ( a n 

i d e a w h i c h e m e r g e d a l m o s t s i m u l t a n e ­

o u s l y a t C E R N a n d a t B r o o k h a v e n in 1 9 6 5 ) ; 

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

a f l o a t i n g d i s c a t t h e b o t t o m o f t h e 

c h a m b e r , a n d t h e u s e o f S c o t c h l i t e c o a t i n g 

o n t h e w a l l s t o g i v e ' b r i g h t - f i e l d ' i l l u m i ­

n a t i o n ( w h e r e t h e p a r t i c l e t r a c k s a r e 

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

a g a i n s t a b r i g h t b a c k g r o u n d ) . A p a r t f r o m 

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

t h e g r e a t e s t p r o b l e m s r e s t in t h e n e e d t o 

t a k e p h o t o g r a p h s t h r o u g h t w o t o t h r e e 

m e t r e s o f l i q u i d h y d r o g e n . F o r t h i s t h e 

t e m p e r a t u r e o f t h e l i q u i d h a s t o b e k e p t 

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

— t h e t e m p e r a t u r e g r a d i e n t in t h e c h a m b e r 

n e e d s t o b e a b o u t 1/20 o f t h a t in c o n ­

v e n t i o n a l c h a m b e r s . 

The model 

C o n s t r u c t i o n o f t h e 1 m m o d e l b e g a n in 

J u n e 1967 a n d w a s f i n i s h e d in M a y 1968 . 

It is n o t a n e x a c t r e p l i c a o f t h e l a r g e 

c h a m b e r , s i n c e it h a s n o m a g n e t a n d o n l y 

o n e ' f i s h - e y e ' ( as a g a i n s t f i ve ) f o r p h o t o ­

g r a p h y . T h e p r o b l e m s c o n n e c t e d w i t h t h e 



g i a n t s u p e r c o n d u c t i n g m a g n e t w i l l b e 

s o l v e d s e p a r a t e l y , m a i n l y u s i n g t h e B R A -

R A C O U R C I X t e s t a s s e m b l y ( s e e C E R N 

C O U R I E R v o l . 8, p a g e 23 ) . O t h e r w i s e , t h e 

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

n e n t s o f t h e B E B C . 

T h e b o d y o f t h e c h a m b e r a n d t h e 

v a c u u m t a n k ( s u p p l i e d b y M A N , F e d e r a l 

R e p u b l i c o f G e r m a n y ) a r e o f l o w - c a r b o n 

s t a i n l e s s s t e e l . T h e r e a r e s e v e r a l a p e r t u r e s 

— o n e f o r t h e b e a m w i n d o w , t w o f o r a 

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

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

v a p o u r t h e r m o m e t e r s w h i c h c a n m e a s u r e 

t e m p e r a t u r e s in d i f f e r e n t p a r t s o f t h e 

c h a m b e r . 

T h e p i s t o n w e i g h s 3 7 k g a n d is o f h i g h l y 

n o v e l c o n s t r u c t i o n , l a r g e l y m a d e o f a 

p l a s t i c h o n e y c o m b m a t e r i a l c o a t e d w i t h 

g l a s s - f i b r e - r e i n f o r c e d e p o x y r e s i n . T h e s e 

m a t e r i a l s p r o v i d e a t w o f o l d a d v a n t a g e ; 

t h e y r e d u c e t h e m o m e n t o f i n e r t i a a n d 

e l i m i n a t e e d d y c u r r e n t s w h i c h a r e g e n e r ­

a t e d in a n y m e t a l m o v i n g in a n o n - u n i f o r m 

m a g n e t i c f i e l d p r o d u c i n g a t r o u b l e s o m e 

s o u r c e o f h e a t . T h e s t r u c t u r e o f t h e 

p i s t o n in t h e m o d e l is s t i l l i n t h e e x p e r i ­

m e n t a l s t a g e a n d t h e i n f o r m a t i o n g a i n e d 

f r o m i ts p e r f o r m a n c e w i l l a s s i s t i n t h e 

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

c h a m b e r , w h i c h w i l l w e i g h a p p r o x i m a t e l y 

1 0 0 0 k g . T h e p i s t o n s k i r t , a l s o o f r e i n f o r ­

c e d e p o x y r e s i n , is s h a p e d l i k e a b e l l t h e 

b o t t o m o f w h i c h d i p s i n t o t h e l i q u i d h y d r o ­

g e n a n d t h e t o p o f w h i c h h o l d s a v o l u m e 

o f g a s e o u s h y d r o g e n w h i c h e x e r t s a 

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

h y d r o g e n . T h e t e m p e r a t u r e o f t h i s g a s e o u s 

c u s h i o n , a n d h e n c e t h e p r e s s u r e , is c o n ­

t r o l l e d b y a h e a t e x c h a n g e r . T h e u p p e r 

p a r t o f t h e p i s t o n is c o v e r e d w i t h S c o t c h -

l i t e s o t h a t e x p e r i m e n t s o n t h e o p t i c a l 

s y s t e m c a n b e g i n b e f o r e t h e d i s c , w h i c h is 

s t i l l u n d e r c o n s t r u c t i o n , i s i n s t a l l e d . 

T h e d i s c i n s u l a t e s t h e p i s t o n f r o m t h e 

r e s t o f t h e c h a m b e r a n d is o f v e r y n e a r l y 

t h e s a m e d i a m e t e r a s t h e p i s t o n . It is a l s o 

o f h o n e y c o m b c o n s t r u c t i o n c o a t e d in t h i s 

c a s e w i t h M y l a r , i n t u r n c o v e r e d w i t h 

S c o t c h l i t e . In o r d e r t o a c h i e v e a d e n s i t y 

a s c l o s e a s p o s s i b l e t o t h a t o f t h e l i q u i d 

in t h e c h a m b e r , i t is i n t e n d e d t o f i l l t h e 

d i s c w i t h g a s e o u s h y d r o g e n v i a a n i n d e ­

p e n d e n t c i r c u i t . It w i l l t h e n e a s i l y f o l l o w 

A detailed cross-section of the 1 metre hydrogen 
bubble chamber model. The components picked 
out are: (1) control valves, (2) piston, (3) disc, 
(4) volume of liquid hydrogen, (5) fish-eye, 
(6) mobile thermometer, (7) heat-exchangers, 
(8) expansion system, (9) vacuum chamber. 

t h e m o v e m e n t o f t h e l i q u i d a n d c o n v e y 

t h e p r e s s u r e c h a n g e s t o t h e c h a m b e r in 

a u n i f o r m m a n n e r . 

T h e n o v e l e x p a n s i o n s y s t e m w a s c o n s ­

t r u c t e d b y C O N T R A V E S ( S w i t z e r l a n d ) . It is 

a f o r c e d - s e r v o s y s t e m in w h i c h t h e r e ­

q u i r e d e x p a n s i o n c u r v e is p r o d u c e d b y a 

f u n c t i o n g e n e r a t o r ( w i t h c y c l e s v a r i a b l e 

f r o m 2 0 t o 80 m s ) . T h i s s i g n a l is a m p l i f i e d 

a n d c o n t r o l s a n o i l f e e d , v i a f o u r f a s t -

r e s p o n s e s e r v o v a l v e s , w h i c h a c t u a t e s t h e 

r a m . T h e m o v e m e n t is c o m p a r e d t o t h e 

c o n t r o l s i g n a l a n d a c o n t r o l m e c h a n i s m 

t h e n c o r r e c t s a n y d i f f e r e n c e s . 

T h e m o d e l h a s o n l y o n e a p e r t u r e f o r 

p h o t o g r a p h i c p u r p o s e s . A s i m p l e , f l a t 

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

e x p e r i m e n t s , b u t w i l l e v e n t u a l l y b e r e p l a c e d 

b y a h e m i s p h e r i c a l o n e , o r ' f i s h - e y e ' , 

e x a c t l y l i k e t h o s e f o r t h e l a r g e r c h a m b e r 

( s e e f i g u r e ) . It c o n s i s t s o f t h r e e c o n c e n t r i c 

h e m i s p h e r i c a l w i n d o w s . F o r s a f e t y r e a s o n s , 

t h e t w o i n n e r w i n d o w s w i l l b e o f q u a r t z 

( s u p p l i e d b y H E R A E U S - S C H O T T , F e d e r a l 

R e p u b l i c o f G e r m a n y , c u t a n d p o l i s h e d 

b y S A G E M , F r a n c e ) . T h e o u t e r w i n d o w 

w i l l b e o f B .K. 7 o p t i c a l g l a s s . T h e w i d e -

a n g l e l e n s e s ( 1 0 5 ° ) t o b e u s e d for t h e 

l a r g e r c h a m b e r a r e a t p r e s e n t u n d e r 

e x a m i n a t i o n a t Z E I S S , F e d e r a l R e p u b l i c 

o f G e r m a n y , a n d S O P E L E M , F r a n c e . 

T h e e x c h a n g e r s in t h e m o d e l o p e r a t e in 

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

r e d u c e c o n s u m p t i o n , t h e c i r c u i t s w i l l b e 

c l o s e d in t h e B E B C . A s w e l l a s t h e t h r e e 

e x c h a n g e r s a r r a n g e d o n t h e b o d y o f t h e 

m o d e l ( o n e a r o u n d t h e f i s h - e y e , o n e o n 

t h e d o m e a n d t h e t h i r d o n t h e c y l i n d r i c a l 

s e c t i o n — s e e C E R N C O U R I E R v o l . 8, 

p a g e 99) t h e r e is a n o t h e r u n d e r n e a t h t h e 

p i s t o n t o r e g u l a t e t h e p r e s s u r e o f t h e g a s 

v o l u m e a n d a f i n a l o n e c o n s t i t u t e d b y t h e 

e x p a n s i o n c y l i n d e r . 

C o n t r o l s f o r t h e m o d e l a r e t a k e n t o a 

s e p a r a t e c o n t r o l r o o m , w h e r e a l l o p e r ­

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

i n g , c a n b e r e m o t e - c o n t r o l l e d . 

Test programme 

O n 4 J u n e , t h e m o d e l w a s p r e s s u r i z e d a t 

r o o m t e m p e r a t u r e w i t h a m i x t u r e o f h e l i u m 

a n d n i t r o g e n (10 k g / c m 2 f o r t h e c h a m b e r 

a n d 5 k g / c m 2 f o r t h e v a c u u m t a n k ) . C o o l i n g 

t o 7 7 ° K t h e n t o o k p l a c e a n d , a f t e r f u r t h e r 

p r e s s u r e t e s t s , t h e c h a m b e r w a s f i l l e d w i t h 

l i q u i d n i t r o g e n . T h i s p r e l i m i n a r y t e s t w a s 
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A view looking down on the 1 metre hydrogen 
bubble chamber model. The observation window 
in the centre of the dome of the chamber body 
can be seen with a television camera in place. 
The black cylindres around the dome are used 
for connecting electrical control circuits and for 
the hydrogen evacuation lines. 

n o t e s s e n t i a l , b u t w a s a s a f e t y p r e c a u t i o n 

t o d o t h e f i r s t f i l l i n g u n d e r p r e s s u r e w i t h 

a l e s s d a n g e r o u s l i q u i d t h a n h y d r o g e n . 

T e s t s w i t h h y d r o g e n b e g a n o n 18 J u n e ; 

t h e y a r e p l a n n e d t o t a k e p l a c e in t h e f o l ­

l o w i n g s t a g e s , t h o u g h t h e p l a n s m a y b e 

c h a n g e d d e p e n d i n g u p o n h o w t h e e x p e r i ­

m e n t s g o . 

F i r s t s t a g e : P h o t o g r a p h s w i l l b e t a k e n 

o f c o s m i c r a y s a n d o f C o m p t o n e l e c t r o n s 

g e n e r a t e d b y a g a m m a s o u r c e . T h e t e m ­

p e r a t u r e r e g u l a t i o n w i l l b e c h e c k e d a n d 

t h e d y n a m i c l o s s e s m e a s u r e d a s a f u n c t i o n 

o f t h e e x p a n s i o n c y c l e a n d t h e o p e r a t i n g 

t e m p e r a t u r e . A l a s e r b e a m p a s s i n g t h r o u g h 

t h e h y d r o g e n w i l l b e p h o t o g r a p h e d a n d 

w i l l a p p e a r b r i g h t e r t h a n t h e b a c k g r o u n d . 

T h e l a s e r ( l e n t b y t h e U n i v e r s i t y o f H e i d e l ­

b e r g ) w i l l s e n d a h o r i z o n t a l b e a m t h r o u g h 

a q u a r t z w i n d o w i n t o t h e t a n k . 

T h e a s s e m b l y w i l l t h e n b e d i s m a n t l e d 

t o i n s t a l l t h e f l o a t i n g d i s c a n d t h e f i s h - e y e . 

A t t h e s a m e t i m e , if t h e r e s u l t s o b t a i n e d 

w i t h t h e l a s e r b e a m a r e e n c o u r a g i n g , 

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

c h a m b e r t o r e f l e c t t h e l a s e r b e a m in t h e 

f o r m o f a s t a r r e d c o n c a v e p o l y g o n . T h e 

p o i n t s w h e r e t h e b e a m c r o s s e s w i l l p r o ­

v i d e r e f e r e n c e m a r k s f o r t h e m e a s u r e ­

m e n t s o n t h e p h o t o g r a p h s . T h e b o n d i n g 

o f t h e S c o t c h l i t e o n t h e s t e e l w i l l a l s o b e 

e x a m i n e d a n d , if n e c e s s a r y , a n i n t e r ­

m e d i a t e l a y e r o f M y l a r w i l l b e a p p l i e d . It 

is p r o b a b l e t h a t s o m e o f t h e S c o t c h l i t e 

w i l l b e r e p l a c e d b y ' S u p e r - S c o t c h ' , w h i c h 

s h o u l d p r o v i d e b e t t e r c o n t r a s t . 

S e c o n d s t a g e : W h e n t h e p r o t o n s y n c h r o ­

t r o n b e g i n s o p e r a t i o n a g a i n in O c t o b e r , a 

p a r t i c l e b e a m w i l l b e t a k e n t o t h e c h a m ­

b e r . It w i l l t h e n b e p o s s i b l e t o o b t a i n m o r e 

p r e c i s e m e a s u r e m e n t s o f t h e m i n i m u m 

a c c e p t a b l e s i z e o f b u b b l e s , t h e i r t i m e o f 

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

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

T h i r d s t a g e : In t h e s p r i n g o f 1969 , i t 

is h o p e d t o d o s o m e t e s t s o n t h e u s e o f a 

M y l a r t a r g e t f i l l e d w i t h h y d r o g e n l o c a t e d 

in t h e c h a m b e r . M i x t u r e s o f n e o n a n d 

h y d r o g e n c o u l d b e u s e d i n t h e s u r r o u n d ­

i n g c h a m b e r v o l u m e t o m a k e i t p o s s i b l e 

t o d e t e c t g a m m a r a y s ( s e e C E R N C O U ­

R I E R v o l . 7, p a g e 112) . 

T h i s s e r i e s o f e x p e r i m e n t s w i l l a l s o i n ­

v o l v e t h e d e v e l o p m e n t a n d t e s t i n g o f a 

l a r g e q u a n t i t y o f e l e c t r o n i c a n d p n e u m a t i c 

c o n t r o l e q u i p m e n t , w h i c h w i l l a f t e r w a r d s 

b e u s e d d i r e c t l y f o r t h e B E B C . It is h o p e d 

t h a t a g r e a t d e a l o f t h e e q u i p m e n t , e s ­

p e c i a l l y t h e v a c u u m a n d c o n t r o l e q u i p ­

m e n t , c a n b e u s e d in t h e c o n s t r u c t i o n o f 

t h e l a r g e c h a m b e r . 

T h e d e t a i l e d f e a t u r e s o f t h e l a r g e 

c h a m b e r w i l l b e f r o z e n b y t h e e n d o f 

1968 , b e f o r e t h e c o n t r a c t s a r e p l a c e d 

d u r i n g t h e f i r s t m o n t h s o f 1969 . T h i s w i l l 

b e d o n e f o l l o w i n g t h e a n s w e r s t o 

t h e i n v i t a t i o n s t o t e n d e r w h i c h w e r e 

r e c e n t l y s e n t o u t . 

A l l o w i n g e i g h t e e n m o n t h s f o r c o n ­

s t r u c t i o n , t h e v a r i o u s c o m p o n e n t s o f t h e 

l a r g e c h a m b e r s h o u l d b e d e l i v e r e d t o 

C E R N b y t h e a u t u m n o f 1970 . A s s e m b l y 

w i l l t a k e a t l e a s t s e v e n m o n t h s , a n d t h e 

f i r s t c o o l - d o w n c o u l d t h e n t a k e p l a c e 

t o w a r d s t h e m i d d l e o f 1 9 7 1 . 

Ars Antiqua 
T h e s e r i e s o f f i v e c o n c e r t s o r g a n i z e d b y 

C E R N in 1968 w a s b r o u g h t t o a r e s o u n d ­

i n g l y s u c c e s s f u l c o n c l u s i o n o n 18 J u n e . 

T h e m a i n a u d i t o r i u m w a s p a c k e d f o r a 

c o n c e r t o f p e r i o d m u s i c g i v e n b y t h e ' A r s 

A n t i q u a ' e n s e m b l e . 

T h e a u d i e n c e t h o r o u g h l y e n j o y e d a 

d e l i g h t f u l a n d u n u s u a l m u s i c a l e v e n i n g . 

T h e p e r f o r m a n c e w a s g i v e n in b e a u t i f u l 

c o s t u m e s o f t h e 17 th C e n t u r y ; r a r e , genuine 

i n s t r u m e n t s f r o m t h e s a m e p e r i o d w e r e 

p l a y e d , a n d c a n d l e s w e r e u s e d f o r l i g h t i n g . 

T h e s i x m u s i c i a n s w e r e g r o u p e d a r o u n d 

a p r o c e s s i o n a l o r g a n , a v e r y r a r e i n s t r u ­

m e n t 4 0 0 y e a r s o l d , w i t h a c l e a n , b r i g h t 

t o n e w h i c h w a s b r o u g h t o u t t o t h e f u l l 

u n d e r t h e s k i l l f u l h a n d s o f R i c h a r d A n t h e l m e 

J e a n d i n , P r o f e s s o r a t t h e C o n s e r v a t o i r e o f 

G e n e v a . 

T h e v a r i e t y o f t h e p i e c e s p l a y e d , o r i g i ­

n a t i n g f r o m a l l o v e r E u r o p e , r e f l e c t e d 

C E R N ' s i m a g e . T h e b o l d n o t e s o f a f l o u r i s h 

o f b r a s s b y H e n r y V I I I o f E n g l a n d w a s 

f o l l o w e d b y a n a r i a b y F r e s c o b a l d i 

( 1 5 8 3 - 1 6 4 3 ) , a J e w i s h d a n c e o f t h e 1 6 t h 

C e n t u r y ( w h i c h g r e a t l y r e s e m b l e d t h e 

m u s i c o f B a r t o k ) , a n d a p s a l m b y D u f a y 

(1474) . T h e n c a m e a f a n t a s i a f o r t h r e e v i o l s 

o n t h e s o n g ' D e r H u n d ' ( b y H e i n r i c h I s a a c , 

1 4 5 0 - 1 5 1 7 ) . E v e r y o n e e n j o y e d t h e f i n e 

s i n g i n g o f A n t o i n e t t e M a t t h e y d e l ' E t a n g 

( s o p r a n o ) w h o b r o u g h t t h e c o n c e r t t o a 

c l o s e w i t h a c a n t a t a f o r s o p r a n o , t h r e e 

v i o l s a n d o r g a n , c o m p o s e d b y G i o v a n n i 

R i c c i o i n 1520 . T o c o m p l e t e t h e l i s t o f 

m u s i c i a n s — M a r c e l R e t c h i t z k y , D a n i e l 

R e i c h e l , E l i s a - l s o l d e C l e r c a n d E l f r i e d e 

J o h n p e r f o r m e d o n a v a r i e t y o f i n s t r u ­

m e n t s . 
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Linac Conference 
A brief report of some of the topics covered at 
the sixth proton linear accelerator conference 
held at Brookhaven, USA, on 20-24 May. The 
Editor would like to thank C.S. Taylor for 
helping in the preparation of this report. 

T h e a c c e l e r a t o r b u i l d e r s w h o t h i n k s t r a i g h t 

m e t a t B r o o k h a v e n N a t i o n a l L a b o r a t o r y 

f o r t h e l a t e s t o f t h e i r s e r i e s o f b i - a n n u a l 

c o n f e r e n c e s . M a j o r f e a t u r e s o f t h e c o n ­

f e r e n c e w e r e t h e r e p o r t s o n t h e w o r k t h a t 

h a s g o n e i n t o l i n a c s t r u c t u r e s o v e r t h e 

p a s t t w o y e a r s ; i n c r e a s e d u n d e r s t a n d i n g 

o f s p a c e c h a r g e e f f e c t s , w h i c h a r e b e g i n ­

n i n g t o t r o u b l e m a n y p e o p l e n o w t h a t v e r y 

i n t e n s e b e a m s c a n b e a c c e l e r a t e d ; ' f a c ­

t o r y - t y p e ' a c c e l e r a t o r s ; a n d f i n a l l y a f e e l ­

i n g , r a t h e r t h a n a n y s p e c i f i c p o i n t e r s , t h a t 

s u p e r c o n d u c t i v i t y w i l l s o o n b e c o m i n g 

i n t o i ts o w n in t h e d e s i g n o f l i n a c s . 

Factory-type accelerators 

W . B . L e w i s f r o m C h a l k R i v e r , C a n a d a , 

o p e n e d t h e c o n f e r e n c e w i t h a t a l k o n f u t u r e 

f a c t o r y - t y p e a c c e l e r a t o r s . H e c o n c e n t r a t e d 

p a r t i c u l a r l y o n t h e C h a l k R i v e r p r o p o s a l 

f o r a n I n t e n s e N e u t r o n G e n e r a t o r ( I N G ) 

— s e e C E R N C O U R I E R v o l . 7 p a g e 200 . 

T o r e c a l l t h e m a i n p a r a m e t e r s : it w o u l d 

b e a 1 G e V p r o t o n l i n e a r a c c e l e r a t o r 

p r o d u c i n g 65 m A c o n t i n u o u s . T h i s c o u l d 

b e u s e d a s t h e b a s i s o f a m e s o n f a c t o r y 

a n d a l s o , b y f i r i n g t h e b e a m i n t o a l i q u i d 

l e a d - b i s m u t h t a r g e t , c o u l d p r o d u c e 1 0 1 6 

n e u t r o n s / c m V s . A l o n g t e r m a i m is t o f i n d 

a w a y o f p r o d u c i n g n e u t r o n s o t h e r t h a n 

b y n u c l e a r f i s s i o n a t a c o m p e t i t i v e c o s t . 

O t h e r a c c e l e r a t o r s w h i c h c o m e u n d e r 

t h e h e a d i n g o f ' f a c t o r y - t y p e ' a r e t h e c y c l o ­

t r o n s o f Z u r i c h a n d B r i t i s h C o l u m b i a ( s e e 

p a g e 136) w h i c h w e r e o f c o u r s e n o t 

c o v e r e d a t t h i s c o n f e r e n c e , a n d t h e L o s 

A l a m o s M e s o n P h y s i c s F a c i l i t y ( L A M P F ) . 

LAMPF 

S i n c e L A M P F is t h e m o s t f o r m i d a b l e p r o t o n 

l i n e a r a c c e l e r a t o r a t p r e s e n t u n d e r c o n ­

s t r u c t i o n , a n d w a s t h e s u b j e c t o f s e v e r a l 

p a p e r s a t t h e c o n f e r e n c e , i t is w o r t h d e s ­

c r i b i n g t h e m a c h i n e in s o m e d e t a i l . 

It is d e s i g n e d f o r a p e a k p r o t o n e n e r g y 

o f 800 M e V , w i t h a n a v e r a g e b e a m c u r r e n t 

o f 1 m A . T h e d u t y - f a c t o r ( t h e p e r c e n t a g e 

o f t i m e t h a t t h e m a c h i n e is p r o d u c i n g 

b e a m ) is 6 t o 1 2 % . T h e s e a r e t h e p a r a ­

m e t e r s w h i c h q u a l i f y t h e m a c h i n e f o r t h e 

t i t l e o f ' m e s o n f a c t o r y ' . T h e e n e r g y is 

s u f f i c i e n t l y h i g h f o r c o p i o u s p r o d u c t i o n 

o f m u o n s a n d p i o n s ; t h e a v e r a g e c u r r e n t 

i s h i g h ( t e n t h o u s a n d t i m e s t h e i n t e n s i t y 

o f a n y e x i s t i n g a c c e l e r a t o r a t t h a t e n e r g y ) 

a n d t h e d u t y - f a c t o r is w a y a b o v e t h e u s u a l 

0.1 % f o r a l i n a c . 

T o a c h i e v e t h e s e p a r a m e t e r s , a l o t o f 

n e w t h i n k i n g h a s h a d t o g o i n t o t h e d e s i g n 

w h i c h h a s e v o l v e d a s f o l l o w s : 

T h e i n p u t w i l l b e f r o m a n e x p a n d e d 

d u o p l a s m a t r o n i o n s o u r c e a n d a s h o r t 

a c c e l e r a t i n g g a p g i v i n g 750 k e V (as u s e d 

o n t h e C E R N P S , s e e v o l . 6, p a g e 88) . 

T h e n c o m e f o u r t a n k s w h i c h a r e o f t h e 

A l v a r e z t y p e ( b u t p r o b a b l y w i t h s o m e m o d i ­

f i c a t i o n s t o t h e s t r u c t u r e — s e e t h e s e c t i o n 

o n L i n a c S t r u c t u r e s b e l o w ) , o p e r a t i n g a t 

201 .25 M H z a n d t a k i n g t h e b e a m e n e r g y 

t o 100 M e V . 

F o r e n e r g i e s m u c h a b o v e 100 M e V , t h e 

A l v a r e z s t r u c t u r e b e c o m e s i n e f f i c i e n t a n d 

L A M P F t h e r e f o r e c h a n g e s t o t h e w a v e ­

g u i d e t y p e w h e r e t h e p a r t i c l e s a r e s w e p t 

a l o n g , a s it w e r e , o n t h e c r e s t o f a r a d i o -

f r e q u e n c y w a v e . In t h e A l v a r e z s t r u c t u r e , 

p a r t i c l e s a r e a c c e l e r a t e d b y r.f. f i e l d s 

b e t w e e n d r i f t t u b e s a n d a r e h i d d e n i n s i d e 

t h e d r i f t t u b e s w h e n t h e f i e l d s a r e d e c e l e r ­

a t i n g . T h e f i e l d s b e t w e e n t h e d r i f t t u b e s 

a r e in p h a s e — a l l p o i n t i n g t h e s a m e w a y 

a t t h e s a m e t i m e — a n d t h i s is k n o w n a s 

t h e z e r o m o d e o f o p e r a t i o n . P o w e r is 

p r o p a g a t e d a l o n g a w a v e g u i d e a c c e l e r a t o r 

m o r e e f f i c i e n t l y if t h e JT /2 m o d e is u s e d . 

H e r e a s e r i e s o f c a v i t i e s h a v e f i e l d s w h i c h 

a r e , a t o n e p o i n t in t i m e , s u c c e s s i v e l y 

a c c e l e r a t i n g , z e r o , d e c e l e r a t i n g a n d z e r o 

( t h e d e c e l e r a t i n g f i e l d s s w i n g t o a c c e l e r ­

a t i n g a s t h e p a r t i c l e s r e a c h t h e m ) . T h e 

z e r o f i e l d c a v i t i e s , h o w e v e r , w a s t e h a l f t h e 

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

L o s A l a m o s p e o p l e h a v e m o v e d t h e m o u t 

t o t h e s i d e a s s h o w n in t h e f i g u r e s . T h e 

w a v e g u i d e s e c t i o n o f L A M P F is t h e r e f o r e 

k n o w n as ' s i d e c o u p l e d ' o p e r a t i n g in t h e 

JT / 2 m o d e . It o p e r a t e s a t 805 M H z a n d h a s 

90 t a n k s t a k i n g t h e p r o t o n s f r o m 100 to 

800 M e V . 

T h e t o t a l l e n g t h o f t h e a c c e l e r a t o r is 

850 m a n d t h e a v e r a g e r.f. p o w e r c o n s u m ­

p t i o n a t 6 % d u t y c y c l e is 3 M W . C o n ­

s t r u c t i o n o f t h e a c c e l e r a t o r b e g a n e a r l y t h i s 

y e a r a n d is s c h e d u l e d f o r c o m p l e t i o n in 

1972 . T h e c o s t e s t i m a t e is $ 5 5 m i l l i o n . 

L o s A l a m o s h a v e b e e n w o r k i n g o n 

s e v e r a l e l e c t r o n m o d e l s p r i o r t o f i n a l i z i n g 

t h e L A M P F d e s i g n a n d t h e i r l a t es t , w h i c h 

c a m e i n t o o p e r a t i o n las t D e c e m b e r , is a 

20 m l i n a c c a p a b l e o f e n e r g i e s f r o m 20 t o 

35 M e V u s i n g s i d e - c o u p l e d c a v i t i e s . It is 

w o r k i n g s u c c e s s f u l l y w i t h h i g h i n t e n s i t y 

a n d a 6 % d u t y c y c l e a n d is a l s o b e i n g 

u s e d t o s t u d y t h e e x t e n t t o w h i c h c o m p u t e r 

c o n t r o l o f t h e a c c e l e r a t o r c a n b e r e l i a b l y 

a c h i e v e d . 

MTA 

B e f o r e l e a v i n g t h e f a c t o r y - t y p e a c c e l e r ­

a t o r s i t is i n t e r e s t i n g t o r e c a l l w h a t w a s 

a c h i e v e d s o m e s i x t e e n y e a r s a g o w i t h t h e 

' M a t e r i a l s T e s t i n g A c c e l e r a t o r ' a t L i v e r -

m o r e , U S A . T h i s m o n s t e r o f a m a c h i n e 

h a s b e e n l a r g e l y d i s m i s s e d a s a f a i l u r e 

s i n c e i t d i d n o t a c h i e v e i ts a i m , o r i g i n a l l y 

p r o m o t e d b y E.O. L a w r e n c e , o f u s i n g 

i n t e n s e d e u t e r o n b e a m s t o p r o d u c e 

w e a p o n s q u a l i t y p l u t o n i u m f r o m ' d e p l e t e d ' 

u r a n i u m . I t w a s m a d e e c o n o m i c a l l y u n ­

s o u n d b y t h e d r a m a t i c f a l l in c o s t o f 

n a t u r a l u r a n i u m a n d t h e p r o j e c t w a s 

a b a n d o n e d in t h e m i d 50s . N e v e r t h e l e s s , 

t h e M T A d e s i g n t e a m , t h o u g h t h e i r p r o j e c t 

d i d n o t s u c c e e d a n d t h o u g h t h e i r a i m w a s 

f a r r e m o v e d f r o m t h a t o f p r e s e n t - d a y 

a c c e l e r a t o r s , m a d e c o n t r i b u t i o n s t o a c ­

c e l e r a t o r t e c h n o l o g y w h i c h u n d e r l i e m a n y 

o f t h e r e c e n t d e v e l o p m e n t s . 

C o n s t r u c t i o n o f t h e M T A w a s c o m p l e t e d 

in J a n u a r y 1952. It w a s a l i n e a r a c c e l e r ­

a t o r w i t h a s i n g l e h u g e v a c u u m v e s s e l t h a t 

y o u c o u l d d r i v e a t r u c k i n t o . It m e a s u r e d 

a b o u t 28 m l o n g b y 19 m in diameter. T h e 

d r i f t t u b e s w e i g h e d u p t o 30 t o n s e a c h 

a n d w e r e s o l a r g e y o u c o u l d c r a w l 

t h r o u g h t h e b o r e ... a n d f a c e a n u n h e a l t h y 

d r o p if y o u f e l l o u t . ( T h a t c o m p a r e s w i t h 

p r e s e n t d r i f t t u b e s b o r e s o f a f e w 

c e n t i m e t r e s . ) 

T h e r e q u i r e d d e u t e r o n b e a m i n t e n s i t y 

w a s n e v e r a c h i e v e d a n d t h e m a c h i n e 

s u f f e r e d f r o m f i e r c e s p a r k i n g p r o b l e m s . 

B u t t h e l i s t o f a c h i e v e m e n t s is c o n s i d e r ­

a b l e . M T A h a d t h e f i r s t e x p a n d e d d u o ­

p l a s m a t r o n t y p e i o n s o u r c e — t h i s t y p e 

h a s o n l y r e c e n t l y c o m e i n to v o g u e o n t h e 

h i g h e n e r g y a c c e l e r a t o r s l e a d i n g t o v e r y 

h i g h l i n a c c u r r e n t s o n t h e C E R N P S , f o r 

e x a m p l e . T h e t e a m d e v e l o p e d v a c u u m 

t e c h n i q u e s s o f a r a s t o r e a c h a p r e s s u r e 

o f 10~ 7 t o r r i n t h e i r h u g e t a n k — in 1952 

s o h i g h a v a c u u m h a d o n l y b e e n a c h i e v e d 

o n a l a b o r a t o r y s c a l e . A s i m i l a r f e a t w a s 

t o p u t 9 M W o f r.f. p o w e r i n t o t h e t a n k . 

E v e n t h e i r b r e a k d o w n t r o u b l e s p r o v e d 

u s e f u l s i n c e t h e y s p a r k e d o f f t h e w o r k a t 

B e r k e l e y w h i c h r e s u l t e d in t h e f a m o u s 
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In Figure 3, an artist has extracted the main 
features of LAMPF — Los Alamos Meson Physics 
Facility — an 800 MeV proton linear accelerator. 

Figure 1 shows the structure of a waveguide 
accelerator which operates in the xl2 mode. 
By moving the zero cavities (cavities with no field 
in them) out to the side, the alternate cavities 
actually seen by the beam have their fields in 
opposing directions as shown. 

Figure 2 is of a portion of a waveguide 
accelerator with 'side-coupled' cavities (the 
boxes sticking out above and below the 
accelerator pipe) such as will be used for the 
higher energy portion (above 100 MeV) of LAMPF. 
(Photos Los Alamos) 

K i l p a t r i c k c r i t e r i a o n b r e a k d o w n . P r o b l e m s 

o f b e a m l o a d i n g , b e a m c o n t r o l a n d f o c u s ­

i n g w e r e m a s t e r e d a n d a p r o t o n b e a m 

i n t e n s i t y o f 1 A A w a s r e a c h e d i n p a r t o f 

t h e a c c e l e r a t o r . T h i s s t i l l s t a n d s a s t h e 

w o r l d r e c o r d in p r o t o n l i n a c i n t e n s i t y . 

F i n a l l y , a s e q u e n c e o f e v e n t s h a s l i n k e d 

M T A t o C E R N i n a m o s t r o u n d a b o u t w a y . 

T h e M T A t e a m i n i t i a t e d t h e u s e o f c o p p e r -

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

o f i t . W h e n M T A w a s d i s m a n t l e d , s o m e 

w e n t t o b u i l d t h e n e w B e v a t r o n i n j e c t o r , 

s o m e t o b u i l d t h e Y a l e H I L A C ( H e a v y I o n 

L i n e a r A c c e l e r a t o r ) , a n d s o m e t o b u i l d t h e 

M a n c h e s t e r H I L A C . S o m e s u r p l u s f r o m 

M a n c h e s t e r f o u n d i ts w a y t o t h e R u t h e r ­

f o r d L a b o r a t o r y , a n d f r o m R u t h e r f o r d s o m e 

c a m e t o C E R N t o b u i l d t h e 3 M e V l i n a c 

m o d e l w h i c h h a s j u s t b e e n c o m p l e t e d . 

Linac Structures 

T h i s t o p i c is o n e w h i c h h a s b e e n i n t e n ­

s i v e l y i n v e s t i g a t e d o v e r t h e p a s t t w o y e a r s , 

c h i e f l y a t L o s A l a m o s , a t B r o o k h a v e n a n d 

a t C E R N , a n d a v e r y i n t r i g u i n g p o s i t i o n 

h a s n o w b e e n r e a c h e d . T h e i n t e r e s t o f L o s 

A l a m o s is o b v i o u s f r o m t h e d e s c r i p t i o n o f 

t h e i r p r o j e c t a b o v e . B r o o k h a v e n ' s c o n c e r n 

is in r e l a t i o n t o t h e 2 0 0 M e V l i n a c w h i c h is 

p a r t o f t h e i m p r o v e m e n t p r o g r a m m e a t t h e 

A l t e r n a t i n g G r a d i e n t S y n c h r o t r o n . ( W e s t o n 

a l s o h a v e a n i n t e r e s t h e r e s i n c e , f o r t h e 

2 0 0 G e V p r o j e c t , t h e y h o p e t o t a k e o v e r 

t h e B r o o k h a v e n d e s i g n in i t s e s s e n t i a l s . ) 

A t C E R N , a g o o d d e a l o f c o n s o l i d a t i n g 

w o r k h a s b e e n d o n e w i t h m o d e l s t r u c t u r e s 

( s e e t h e p h o t o o n p a g e 1 0 0 o f t h e l a s t 

i s s u e ) a n d G . D o m e g a v e a c o m p r e h e n s i v e 

p a p e r o n t h e t h e o r y o f c o m p e n s a t e d 

s t r u c t u r e s . 

T h i s w o r k h a s b e e n p r o m p t e d b y t h e 

n e e d t o c o p e w i t h t h e h e a v i e r b e a m l o a d ­

i n g t h a t w i l l b e e x p e r i e n c e d w i t h t h e m o r e 

i n t e n s e b e a m s t h a t l i n a c s a r e n o w c a l l e d 

u p o n t o p r o d u c e , a n d t o i m p r o v e o n t h e 

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

h i g h e r e n e r g i e s . T h e a i m is t o m o d i f y t h e 

s i m p l e A l v a r e z s t r u c t u r e b y m a k i n g t h e 

d r i f t t u b e s u p p o r t s ( o r b y i n t r o d u c i n g o t h e r 

p o s t s ) i n s u c h a w a y a s t o c h a n g e t h e r.f. 

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

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

cel ls of the l inac. The veloci ty at wh i ch 
p o w e r is p r o p a g a t e d a l o n g t h e s t r u c t u r e 

is i m p r o v e d a n d t h e v a r i o u s m o d e s in 

w h i c h t h e t a n k s c a n r e s o n a t e a r e p u s h e d 

Figure 1 

Figure 3 
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The linear accelerator at Serpukhov. There are 
three tanks, seen in the photograph with their 
vacuum lids removed, taking the proton beam 
to an energy of 100 MeV. On 15 February, an 
intensity of 100 mA at full energy was reached, 
an outstanding achievement for a linac of such 
high energy. 
(Photo Serpukhov) 

f u r t h e r a p a r t g i v i n g h i g h e r s t a b i l i t y t o t h e r.f. 

f i e l d s . I t a l s o r e d u c e s t h e m e c h a n i c a l t o l e r ­

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

A c o n s i d e r a b l e v a r i e t y o f s t r u c t u r e s 

h a v e b e e n p u t f o r w a r d i n v o l v i n g d r i f t t u b e 

s u p p o r t s o f d i f f e r e n t t h i c k n e s s e s a n d 

o r i e n t a t i o n s . L o s A l a m o s a r e p r o p o s i n g a 

' p o s t - c o u p l e d ' s t r u c t u r e w h i c h h a s a s i n g l e 

d r i f t t u b e s u p p o r t a n d a p o s t p r o j e c t i n g 

f r o m t h e s i d e o f t h e t a n k in t h e p l a n e o f 

t h e d r i f t t u b e , t h o u g h n o t a c t u a l l y c o n n e c t e d 

t o i t . B r o o k h a v e n a r e p r o p o s i n g f o u r d r i f t 

t u b e s u p p o r t s a t r i g h t a n g l e s ( t h e y n e e d 

s p r i n g - l o a d e d c o n n e c t i o n s s o t h a t t h e y 

c a n b e d e t a c h e d w h e n it is n e c e s s a r y t o 

g e t i n t o t h e t a n k ) . 

A g r e a t d e a l h a s b e e n l e a r n e d a b o u t 

t h e p r o p e r t i e s o f s u c h s t r u c t u r e s , b u t a s a 

s o b e r i n g t h o u g h t i t s h o u l d b e n o t e d t h a t , 

w i t h l o n g s t r u c t u r e s o f t h e s i m p l e s t u n ­

c o m p e n s a t e d t y p e , a b e a m o f 100 m A h a s 

r e c e n t l y b e e n t a k e n t o 100 M e V o n t h e 

S e r p u k h o v l i n a c . A q u e s t i o n l i n a c d e ­

s i g n e r s h a v e t o a s k t h e m s e l v e s b e f o r e 

g o i n g o n t o t h e f i n a l h a r d w a r e is , ' I s y o u r 

s t r u c t u r e r e a l l y n e c e s s a r y ? ' 

Space charge effects 

A n o t h e r p r o b l e m w h i c h h a s r a i s e d i ts h e a d 

w i t h t h e a d v e n t o f h i g h i n t e n s i t y b e a m s is 

t h a t o f s p a c e c h a r g e . It a l s o h a s r e c e i v e d 

a l o t o f a t t e n t i o n s i n c e t h e l a s t l i n a c 

c o n f e r e n c e . T h e s e s s i o n o n s p a c e c h a r g e 

o p e n e d w i t h a r e v i e w , b y P. L a p o s t o l l e 

f r o m C E R N , o f b u n c h i n g p r o b l e m s in t h e 

p r e s e n c e o f s p a c e c h a r g e . 

M r s . R. C h a s m a n f r o m B r o o k h a v e n h a s 

c a r r i e d o u t a t h o r o u g h i n v e s t i g a t i o n , 

d e v e l o p i n g a c o m p u t e r p r o g r a m m e w h i c h 

a d d s t h e e f f e c t o f s p a c e c h a r g e t o t h e 

n o r m a l s i x d i m e n s i o n a l a p p r o a c h t o b e a m 

d y n a m i c s in a l i n a c . S h e t r a c e s , f o r 

e x a m p l e , a 100 m A b e a m t h r o u g h a l i n a c 

s t r u c t u r e a n d c o m p u t e s t h e e f f e c t o n a 

s i n g l e p r o t o n o f t h e p r o x i m i t y o f a l l t h e 

o t h e r p o s i t i v e c h a r g e s in t h e b e a m . B e a m 

' b l o w - u p ' ( l o o s e l y s p e a k i n g — i n c r e a s e i n 

t h e c r o s s - s e c t i o n o f t h e b e a m a n d t h e 

a n g l e s t h a t t h e p r o t o n s t r a v e l w i t h r e s p e c t 

t o t h e a x i s o f t h e b e a m ) d u e t o t r a n s v e r s e -

t r a n s v e r s e c o u p l i n g a n d t o t r a n s v e r s e -

l o n g i t u d i n a l c o u p l i n g c o u l d b e i d e n t i f i e d , 

a n d it e m e r g e s t h a t t h e ' b l o w - u p ' is n o t 

a f f e c t e d v e r y m u c h b y t h e l i n a c p a r a ­

m e t e r s , i m p l y i n g t h a t t h e b e a m b e h a v i o u r 

is d o m i n a t e d b y t h e s p a c e c h a r g e e f f e c t . 

Other topics 

J . M . L e f e b v r e f r o m S a c l a y r e p o r t e d o n t h e 

p r o g r e s s o f t h e n e w l i n a c w h i c h is t o 

r e p l a c e t h e e x i s t i n g 3.6 M e V V a n d e G r a a f f 

a s i n j e c t o r f o r t h e 3 G e V p r o t o n s y n c h r o ­

t r o n ' S a t u r n e ' . H e w a s a b l e t o a n n o u n c e 

t h a t , i n t h e m i d d l e o f M a y , t h e l i n a c h a d 

a c c e l e r a t e d a p r o t o n b e a m ( 1 m A ) t o t h e 

d e s i g n e n e r g y o f 19 M e V f o r t h e f i r s t t i m e . 

It w i l l b e c o u p l e d t o S a t u r n e in a b o u t s i x 

m o n t h s ' t i m e a n d w i l l c o n s i d e r a b l y i m p r o v e 

t h e p e r f o r m a n c e o f t h e m a c h i n e . 

A n e w - c o m e r t o t h e a g e n d a o f a l i n a c 

c o n f e r e n c e w a s t h e E l e c t r o n R i n g A c c e l e r ­

a t o r ( d i s c u s s e d in f u l l i n C E R N C O U R I E R , 

v o l . 8, p a g e 2 8 ) . A . M . S e s s l e r g a v e a p a p e r 

c o n c e n t r a t i n g o n t h e d i f f i c u l t i e s w h i c h 

m i g h t c o n f o u n d t h e h i g h h o p e s f o r t h i s 

e x c i t i n g n e w a c c e l e r a t i n g p r i n c i p l e . 

D e v e l o p m e n t o f E R A s is u n d e r w a y a t 

B e r k e l e y , U S A , a n d D u b n a , U S S R , a n d 

S e s s l e r r e m a r k e d t h a t , b y t h e t i m e o f t h e 

n e x t c o n f e r e n c e , ' w e s h o u l d k n o w w h e t h e r 

t o t a l k o f a n e w e r a o r o f a n o l d e r r o r ' . 
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S o m e o f t h e w o r k o n , o r i n c o n n e c t i o n 

w i t h , t h e C E R N P S l i n a c w a s c o v e r e d b y 

O .S . T a y l o r a n d D .J . W a r n e r . T h e p r o g r e s s 

r e p o r t o n t h e p e r f o r m a n c e o f t h e l i n a c 

c o n c e n t r a t e d p a r t i c u l a r l y o n t h e s u c c e s s 

o f t h e e x p a n d e d d u o p l a s m a t r o n i o n s o u r c e 

a n d h i g h g r a d i e n t c o l o m n w h i c h h a s l e d 

t o c u r r e n t s u p t o a m a x i m u m o f 130 m A 

b e i n g a c c e l e r a t e d t o 5 0 M e V . 

M e n t i o n w a s m a d e o f a n u n e x p l a i n e d 

o b s e r v a t i o n o n t h e P S l i n a c b e a m w h e n i t 

w a s a c c e l e r a t e d t o 10 M e V a n d t h e n 

a l l o w e d t o d r i f t o v e r 2 4 m e t r e s . U n e x p e c t e d 

b e a m b l o w - u p o c c u r r e d b u t t h e e f f e c t d i d 

n o t r e p e a t i t s e l f w h e n t h e s a m e t e s t w a s 

d o n e w i t h h i g h e r e n e r g y b e a m s . F u r t h e r 

i n v e s t i g a t i o n w i l l b e c a r r i e d o u t d u r i n g t h e 

p r e s e n t P S s h u t d o w n . 

T h e h e a v i e s t b e a m l o s s in l i n a c s u s u a l l y 

o c c u r s a t l o w e n e r g i e s a n d s o m e t h i n k i n g 

is b e i n g g i v e n a t C E R N t o i n c r e a s i n g t h e 

e n e r g y o f p r e - i n j e c t o r s t o a b o v e 1 M e V . 

A l s o , t o u n d e r s t a n d b e t t e r w h a t is h a p p e n ­

i n g p a r t i c u l a r l y a t t h e l o w - e n e r g y e n d o f 

a l i n a c , a 3 M e V m o d e l l i n a c ( m e n t i o n e d 

a b o v e ) h a s b e e n b u i l t f o r e x p e r i m e n t s . 

A n o t h e r d e v e l o p m e n t r e p o r t e d w a s t h e 

c o u p l i n g o f t h e e m i t t a n c e m e a s u r e m e n t 

e q u i p m e n t o n t h e P S l i n a c t o t h e I B M 1 8 0 0 

c o m p u t e r in t h e M a i n C o n t r o l R o o m . A 

t y p e w r i t e r c a n p r i n t o u t t h e p h a s e - s p a c e 

a r e a a n d t h e c u r r e n t d i s t r i b u t i o n i n s i d e i t . 

F i n a l l y , w e r e p o r t a c o n t e n t i o u s c o n c l u ­

s i o n r e a c h e d b y A . P e a r s o n f r o m C h a l k 

R i v e r w h o d i s c u s s e d t h e p h i l o s o p h y o f 

c o m p u t e r c o n t r o l . T h i s s u b j e c t is g r o w i n g 

in i m p o r t a n c e in t h e a c c e l e r a t o r w o r l d . In 

t h e U S S R , w o r k o n a ' c y b e r n e t i c ' a c c e l e r ­

a t o r w h e r e t h e c o m p u t e r is a n i n t e g r a l 

p a r t o f t h e m a c h i n e o p e r a t i o n h a s a d ­

v a n c e d t o t h e s t a g e w h e r e a 1 G e V m o d e l 

h a s b e e n b u i l t . L o s A l a m o s a r e p l a n n i n g 

e x t e n s i v e c o m p u t e r c o n t r o l o f L A M P F a n d 

o t h e r L a b o r a t o r i e s a r e s a m p l i n g t h e p o s s i ­

b i l i t i e s ( e . g . i n j e c t i o n a t B e r k e l e y , e j e c t e d 

b e a m a t R u t h e r f o r d . . . ) 

P e a r s o n b r o u g h t t h e t w e l v e y e a r s 

e x p e r i e n c e o f c o m p u t e r c o n t r o l o f r e a c t o r s 

i n t o t h e d i s c u s s i o n a n d s t a t e d t h a t , i n h i s 

o p i n i o n , i t is n e v e r e a s i e r t o m a k e c h a n g e s 

t o t h e s o f t w a r e o f a c o m p u t e r p r o g r a m m e 

t h a n t o g o d o w n t o t h e m a c h i n e a n d m a k e 

c h a n g e s t o t h e h a r d w a r e . T h i s o p i n i o n w a s 

q u e s t i o n e d b y o t h e r s p e a k e r s b u t h a s 

c e r t a i n l y p r o v i d e d f o o d f o r t h o u g h t . 

An aerial photograph taken some months ago 
of the Alternating Gradient Synchrotron at 
Brookhaven National Laboratory. Coming from 
the wheel-shape of the machine can be seen 
the path cut through the woods for the 200 MeV 
linac which is to be constructed as part of the 
AGS improvement programme. Construction of 
the building to house the linac has now started. 
(Photo Brookhaven) 

The 750 kV accelerating colomn of the new 
19 MeV linac at Saclay. In a very neat design 
the Saclay team have incorporated the 
duoplasmatron ion source, short accelerating gap 
and the Cockcroft-Walton set producing the high 
voltage, all in one unit which is enclosed in a 
tank filled with a carbon-dioxide/nitrogen 
mixture under pressure to reduce sparking 
problems. 
(Photo Saclay) 



News from abroad 

TRIUMF 
T h e C a n a d i a n g o v e r n m e n t a n n o u n c e d , i n 

A p r i l , i n i t i a l g r a n t s a m o u n t i n g t o $ 1 . 3 m 

f o r a c y c l o t r o n t o b e b u i l t a t t h e U n i v e r s i t y 

o f B r i t i s h C o l u m b i a . T h e p r o j e c t i s k n o w n 

a s T R I U M F , a n a c r o n y m f o r T R I - U n i v e r s i t y 

M e s o n F a c i l i t y s i n c e i t w a s i n i t i a l l y p r o ­

p o s e d b y t h r e e U n i v e r s i t i e s — V i c t o r i a , 

S i m o n F r a s e r a n d B r i t i s h C o l u m b i a . T h e 

U n i v e r s i t y o f A l b e r t a j o i n e d t h e g r o u p i n 

1967 . T R I U M F is i n t e n d e d t o p r o v i d e a n 

a d v a n c e d i n s t r u m e n t f o r i n t e r m e d i a t e -

e n e r g y p h y s i c s t o s e r v e p a r t i c u l a r l y t h e 

s c i e n t i s t s o n t h e W e s t C o a s t o f C a n a d a . 

T o g e t h e r w i t h t h e Z u r i c h c y c l o t r o n 

( w h i c h w i l l b e c o v e r e d in a f u t u r e i s s u e ) 

a n d t h e L o s A l a m o s l i n e a r a c c e l e r a t o r ( s e e 

p a g e 132) , T R I U M F w i l l b e a m a j o r c e n t r e 

f o r m e s o n p h y s i c s r e s e a r c h a s f r o m a b o u t 

1974 . 

B y i n c o r p o r a t i n g t w o c o m p a r a t i v e l y 

r e c e n t a d v a n c e s in c y c l o t r o n t e c h n o l o g y , 

i t w i l l b e a b l e t o p r o d u c e p r o t o n s in t h e 

e n e r g y r a n g e 2 0 0 - 5 0 0 M e V w i t h a b e a m 

i n t e n s i t y a t h o u s a n d t i m e s h i g h e r t h a n a t 

e x i s t i n g e q u i v a l e n t m a c h i n e s . R e s e a r c h 

w i l l b e p o s s i b l e u s i n g t h e p r o t o n b e a m 

i t se l f , i n t e n s e b e a m s o f p i o n s a n d m u o n s 

a n d a h i g h f l u x o f t h e r m a l n e u t r o n s . 

T R I U M F a l s o h a s t h e g r e a t a d v a n t a g e t h a t 

a l l t h e s e b e a m s c a n b e p r o d u c e d a n d 

u s e d s i m u l t a n e o u s l y ( s e e F i g u r e ) . 

O n e o f t h e t w o a d v a n t a g e s w h i c h y i e l d 

t h e h i g h e r p e r f o r m a n c e f i g u r e s f o r t h e 

m a c h i n e is t h e u s e o f s e c t o r - f o c u s i n g . T h i s 

i n v o l v e s r e p l a c i n g t h e c o n v e n t i o n a l c y c l o ­

t r o n m a g n e t b y s p e c i a l l y s h a p e d m a g n e t 

s e c t o r s w h i c h i n t r o d u c e s t r o n g ( o r a l t e r ­

n a t i n g - g r a d i e n t ) f o c u s i n g a n d m a i n t a i n a 

c o n s t a n t r e v o l u t i o n f r e q u e n c y f o r t h e 

p a r t i c l e s s o t h a t t h e r.f. a c c e l e r a t i n g 

f r e q u e n c y c a n a l s o b e h e l d c o n s t a n t 

( r a t h e r t h a n a d j u s t i n g t o t h e r e v o l u t i o n 

f r e q u e n c y a s i n t h e s y n c h r o - c y c l o t r o n ) . 

T h e s e c o n d d e v e l o p m e n t i n v o l v e s p r o ­

d u c i n g a n d a c c e l e r a t i n g a b e a m o f 

n e g a t i v e h y d r o g e n i o n s (H~) r a t h e r t h a n 

p r o t o n s . In t h e i o n s o u r c e a n e l e c t r o n is 

a d d e d t o t h e h y d r o g e n a t o m a n d i t i s t h i s 

n e g a t i v e i o n w h i c h is i n j e c t e d i n t o t h e 

c y c l o t r o n . W h e n t h e d e s i r e d e n e r g y h a s 

b e e n r e a c h e d , t h e i o n is s t r i p p e d o f i t s 

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

v e r y t h i n f o i l ( f o r e x a m p l e , 0 .00004 c m 

b e r y l i u m ) , t h u s r e l e a s i n g t h e p r o t o n . T h e 

a d v a n t a g e i n t h i s p r o c e d u r e is t h a t , s i n c e 

t h e p r o t o n s a r e o f o p p o s i t e c h a r g e t o t h e 

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

c y c l o t r o n b e n d s t h e p r o t o n s o u t o f t h e 

m a c h i n e . T h i s c i r c u m v e n t s o n e o f t h e 

m a j o r p r o b l e m s o f c y c l o t r o n s w h i c h 

a c c e l e r a t e p r o t o n s — t h e p r o b l e m o f 

e x t r a c t i n g t h e p r o t o n s . E x t r a c t i o n e f f i c i e n ­

c i e s o n p r o t o n c y c l o t r o n s r a r e l y e x c e e d 

5 0 % , w h i l e T R I U M F w i l l a c h i e v e 9 9 % . 

O v e r a l l e f f i c i e n c i e s o f T R I U M F w i l l b e a t 

l e a s t 8 0 % a t f u l l e n e r g y , r i s i n g t o 9 5 % a t 

l o w e r e n e r g i e s , t h e l o s s e s a r i s i n g f r o m 

d i s s o c i a t i o n o f t h e n e g a t i v e h y d r o g e n i o n s 

a n d n o t f r o m t h e e x t r a c t i o n p r o c e s s . 

N e g a t i v e i o n c y c l o t r o n s r e q u i r e , h o w ­

e v e r , a b i g g e r m a g n e t a n d a l o w e r v a c u u m 

( a l m o s t 17 m o v e r a l l d i a m e t e r a n d 1 0 ~ 7 t o r r 

i n T R I U M F ) t h a n t h e i r p r o t o n e q u i v a l e n t s . 

T h e i d e a o f H~ c y c l o t r o n s h a s b e e n d e v e ­

l o p e d p r i n c i p a l l y a t U n i v e r s i t y o f C a l i f o r n i a , 

L o s A n g e l e s w h e r e i t w a s f i r s t s h o w n t o 

w o r k in 1 9 6 1 . (50 M e V m a c h i n e s a c c e l e r ­

a t i n g H~ i o n s a r e n o w i n o p e r a t i o n a t U C L A 

a n d a t M a n i t o b a . ) T h e d e s i g n o f T R I U M F 
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A schematic diagram of TRIUMF. The way in 
which meson, proton and neutron research, can 
be carried out simultaneously can be realized 
from the lay-out of the extracted beam-line. 

A 1120 scale model of the TRIUMF magnet. Four 
Canadian Universities are now involved in this 
cyclotron project — University of British 
Columbia is responsible for the cyclotron itself, 
University of Victoria for the beam-transport 
system, Simon Fraser University for the neutron 
dump facility, and University of Alberta for one 
of the large experimental areas and the 
computing and data handling facilities. 

Jfc We have just learned from NAL that the 

Egg has been dropped. 

o w e s a l o t t o a s i m i l a r p r o p o s a l f r o m 

U C L A w h i c h w a s t u r n e d d o w n in f a v o u r o f 

t h e h i g h e r e n e r g y L o s A l a m o s l i n e a r 

a c c e l e r a t o r . 

A f e w f u r t h e r f e a t u r e s o f t h e m a c h i n e 

a r e a s f o l l o w s . B e c a u s e o f t h e n e e d f o r 

h i g h v a c u u m , t h e i o n s o u r c e , w i t h a 10 m A 

o u t p u t c u r r e n t , is e x t e r n a l t o t h e c y c l o t r o n 

a n d t h e b e a m is i n j e c t e d a x i a l l y a t 

2 0 0 k e V . T h e r.f. s y s t e m o p e r a t e s a t a 

f r e q u e n c y o f 23 .8 M H z ( t h e r o t a t i o n 

f r e q u e n c y is 4 .76 M H z ) a n d g i v e s a 

m a x i m u m e n e r g y g a i n p e r t u r n o f 4 0 0 k e V . 

T h e r e a r e s i x m a g n e t s e c t o r s , e a c h w e i g h ­

i n g 5 8 0 t o n s , p r o v i d i n g a f i e l d r i s i n g t o 

5 .93 k G a t t h e 5 0 0 M e V o r b i t . T h e m a c r o ­

s c o p i c d u t y c y c l e o f t h e m a c h i n e is 1 0 0 % . 

T h e t o t a l c o s t o f t h e ' m e s o n - w o r k s h o p ' 

t o b e b u i l t a r o u n d T R I U M F is e s t i m a t e d a s 

$ 2 7 m i l l i o n a n d t h e m a c h i n e is e x p e c t e d 

t o b e in o p e r a t i o n b y 1974 . 

Weston Easter Egg 4f 
T h e f e r t i l i t y o f t h e g r o u p w o r k i n g o n t h e 

A m e r i c a n 200 G e V p r o j e c t c o n t i n u e s t o b e 

m a d e m a n i f e s t — t h e y h a v e l a i d a n e g g 

a n d a r e l o o k i n g a t i t . A p r o p o s a l t o 

i n c l u d e a s t o r a g e r i n g in t h e m a i n r i n g 

t u n n e l w a s r e s u r r e c t e d b y R.R. W i l s o n 

o v e r E a s t e r w e e k - e n d a n d b e c a m e k n o w n 

a s t h e E a s t e r E g g . 

T h e p u r p o s e o f t h e E a s t e r E g g is t o 

e a s e t h e p r o b l e m s o f i n j e c t i o n i n t o t h e 

m a i n m a g n e t r i n g a n d t o t a k e t h e p r e s s u r e 

o f f t h e b o o s t e r , t h e m o s t d i f f i c u l t c o m p o ­

n e n t o f t h e n e w g e n e r a t i o n o f a c c e l e r ­

a t o r s . T h e m a c h i n e d e s i g n d e s c r i b e d in 

C E R N C O U R I E R v o l . 8, p a g e 3 1 , i n v o l v e d 

a f a s t - c y c l i n g 10 G e V b o o s t e r o p e r a t i n g a t 

15 H z . T h i r t e e n p u l s e s f r o m t h i s b o o s t e r 

f i l l t h e c i r c u m f e r e n c e o f t h e m a i n r i n g in 

0.8 s , d u r i n g w h i c h t i m e t h e m a g n e t i c f i e l d 

is h e l d c o n s t a n t a t a b o u t 5 0 0 g . T h i s s t a g e 

in t h e m a g n e t c y c l e is k n o w n a s t h e 

' i n j e c t i o n p l a t f o r m ' . 

If a s t o r a g e r i n g , o p e r a t i n g w i t h a f i x e d 

m a g n e t i c f i e l d o f 500 g , w e r e i n c l u d e d in 

t h e m a i n r i n g t u n n e l , i t c o u l d b e f e d c o n ­

t i n u o u s l y w i t h p r o t o n s f r o m t h e b o o s t e r 

( o v e r t h e w h o l e m a g n e t c y c l e ) a n d i n j e c t i o n 

i n t o t h e m a i n r i n g w o u l d b e a s t r a i g h t ­

f o r w a r d t r a n s f e r f r o m t h e s t o r a g e r i n g . 

T h e r e w o u l d b e n o n e e d f o r a n i n j e c t i o n 

p l a t f o r m a n d t h e b o o s t e r c o u l d o p e r a t e a t 

a l o w e r r e p e t i t i o n r a t e (5 H z ) . W h i l e r e t a i n ­

i n g t h e d e s i g n i n t e n s i t y o f 1.5 X 1 0 1 3 

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

t o p ) , t h e s t o r a g e r i n g w o u l d m a k e it 

p o s s i b l e t o r e d u c e t h e n u m b e r o f p r o t o n s 

p e r p u l s e o r t o i n c r e a s e t h e t i m e f o r 

a c c e l e r a t i o n ( s i n c e t h e 0.8 s f i l l i n g t i m e 

w o u l d b e e l i m i n a t e d ) . T h e l o w e r r e p e t i t i o n 

r a t e o f t h e b o o s t e r w o u l d m o r e t h a n h a l v e 

t h e c o s t o f i t s r a d i o - f r e q u e n c y s y s t e m a n d 

g o a l o n g w a y t o w a r d s f i n a n c i n g t h e 

s t o r a g e r i n g i t se l f . 

T h e a d d i t i o n o f t h e E a s t e r E g g a d d s a 

f u r t h e r s t a g e t o t h e m a c h i n e b u t i t is a 

v e r y e a s y s t a g e t o d e s i g n a n d c o n s t r u c t 

t h o u g h i n j e c t i o n a n d e j e c t i o n i n t o a n d o u t 

o f t h e e g g m a y b e c o m p l i c a t e d . 

It c o u l d c o n s i s t o f a n i r o n b o x o f r e c t ­

a n g u l a r c r o s s - s e c t i o n s t r u n g u p f r o m t h e 

r o o f o f t h e m a i n r i n g t u n n e l w i t h s i m p l e 

m a g n e t s ( c o i l s w r a p p e d a r o u n d t o p r o v i d e 

t h e b e n d i n g a n d f o c u s i n g f i e l d s ) w i t h n o 

p r e c i s e a l i g n m e n t . 

A f i r s t l o o k a t t h e E a s t e r E g g in r e l a t i o n 

t o t h e 3 0 0 G e V d e s i g n i n d i c a t e s t h a t , 

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

i n t o t h e t w o m a c h i n e s , i t w o u l d n o t b e a s 

i n t e r e s t i n g f o r t h e E u r o p e a n m a c h i n e . T h e 

E g g m a y n o t p r o v e f e r t i l e f o r t h e A m e r i c a n 

m a c h i n e e i t h e r , b u t i t is a n i n t e r e s t i n g i d e a 

a n d is y e t a n o t h e r r e m i n d e r t h a t t h e 

e x c i t e m e n t r e a l l y b e g i n s w h e n t h e p r o j e c t 

t e a m f i n a l l y g e t s d o w n t o t h e d e t a i l e d 

d e s i g n o f t h e a c c e l e r a t o r . 

Logic from Rutherford 
O n 2 7 - 2 9 M a y , a n e x h i b i t i o n o f e q u i p m e n t 

f r o m e i g h t U K f i r m s w a s h e l d a t C E R N 

u n d e r t h e a u s p i c e s o f t h e S c i e n t i f i c 

I n s t r u m e n t M a n u f a c t u r e r s A s s o c i a t i o n 

( S I M A ) . It i n c l u d e d e x h i b i t s o f i n s t r u m e n t s 

f o r l o w t e m p e r a t u r e w o r k , h i g h v a c u u m 

c o n d i t i o n s , r a d i a t i o n m e a s u r e m e n t s a n d 

f a s t e l e c t r o n i c s , a n d e x a m p l e s o f s u p e r ­

c o n d u c t i n g m a t e r i a l s . 

A m o n g t h e f a s t e l e c t r o n i c s e x h i b i t s w a s 

t h e M i n i a t u r e L o g i c S y s t e m m a n u f a c t u r e d 

b y E l i o t t P r o c e s s A u t o m a t i o n L i m i t e d w h i c h 

h a s e v o l v e d f r o m t h e w o r k o f a n e l e c ­

t ron ics sect ion at the Rutherford Labo­
r a t o r y l e d b y P. W i l d e . ( T h i s is t h e w o r k 

r e f e r r e d t o in t h e l as t i s s u e o f C E R N 

C O U R I E R , p a g e 107.) T h e s e c t i o n w a s 
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c o n f r o n t e d w i t h t h e t a s k o f d e v e l o p i n g f a s t 

e l e c t r o n i c s , t o c o p e w i t h t h e v e r y h i g h 

r a t e s a t w h i c h c o u n t e r a n d s p a r k c h a m b e r 

e x p e r i m e n t s a c c u m u l a t e d a t a , a t a t i m e 

w h e n n o a p p r o p r i a t e s y s t e m w a s c o m m e r ­

c i a l l y a v a i l a b l e f r o m E u r o p e . 

In m a n y e x p e r i m e n t s n o w b e i n g c a r r i e d 

o u t a t p a r t i c l e a c c e l e r a t o r s , h u n d r e d s o f 

e l e c t r o n i c u n i t s c a n b e i n v o l v e d in d i s t i n ­

g u i s h i n g t h e r e q u i r e d e v e n t f r o m a h o s t 

o f o t h e r s , in c o n t r o l l i n g t h e f i r i n g o f s p a r k 

c h a m b e r s , in f e e d i n g i n f o r m a t i o n o n t h e 

g o o d e v e n t s t o a c o m p u t e r a n d s o o n . T h e 

e l e c t r o n i c s t a k e t h e d e c i s i o n s i n v o l v e d in 

p e r f o r m i n g t h e s e v a r i o u s o p e r a t i o n s a n d 

a r e o f t e n r e f e r r e d t o a s t h e l o g i c . In o r d e r 

t o t a k e a d v a n t a g e o f t h e h i g h s p e e d s a n d 

m u l t i p l e d e t e c t i o n c a p a b i l i t i e s o f m o d e r n 

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

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

f a s t — m a k i n g d e c i s i o n s o n a n a n o s e c o n d 

t i m e s c a l e . 

T h e R u t h e r f o r d s y s t e m o v e r c o m e s t w o 

l i m i t a t i o n s in s p e e d . I t u s e s t u n n e l d i o d e s 

a n d t u n n e l r e c t i f i e r s , c a p a b l e o f o p e r a t i n g 

a t r a t e s u p t o 180 M H z , f o r t h e s t a g e s 

w h e r e t h e f a s t e s t l o g i c is n e e d e d , r e v e r t ­

i n g t o t r a n s i s t o r s ( c a p a b l e o f u p t o a b o u t 

80 M H z ) o n l y f o r s t a g e s w h e r e s l o w e r 

s p e e d s a r e a c c e p t a b l e . It a l s o r e d u c e d 

t h e p h y s i c a l d i s t a n c e s o v e r w h i c h p u l s e s 

h a d t o b e p a s s e d . T h e i m p o r t a n c e o f t h i s 

c a n b e r e a l i z e d f r o m t h e f a c t t h a t t r a n s f e r r ­

i n g p u l s e s f r o m p l a c e t o p l a c e e a t s u p 

t i m e a t t h e r a t e o f a b o u t 5 n s p e r m e t r e . 

T h e e l e c t r o n i c c i r c u i t s in t h e s y s t e m 

a r e s t a n d a r d b u t w h a t is n e w is t h e w a y 

in w h i c h t h e y c a n b e p a c k e d t o g e t h e r t o 

f o r m a n e x t r e m e l y c o m p a c t a n d v e r s a t i l e 

a s s e m b l y . I n d i v i d u a l c i r c u i t s a r e m o u n t e d 

o n m i n i a t u r e c a r d s 8 X 6 c m 2 a n d u p t o 

62 o f t h e c a r d s c a n b e s t a c k e d v e r t i c a l l y 

in a r a c k u n i t w h i c h s u p p l i e s s t a b i l i z e d 

p o w e r t o e a c h c a r d v i a c o n n e c t i o n s o n 

t h e b a c k e d g e . C o n n e c t i o n s b e t w e e n t h e 

c i r c u i t s a r e m a d e w i t h m i n i a t u r e c o - a x i a l 

c a b l e s . 

T h e s y s t e m w a s f i r s t u s e d ( w i t h s u c c e s s ) 

in a n e x p e r i m e n t a t t h e R u t h e r f o r d L a b o ­

r a t o r y t o m e a s u r e a s y m m e t r i e s in n e g a t i v e 

k a o n s c a t t e r i n g o n p o l a r i z e d p r o t o n s . T h e 

t e a m w a s l e d b y J . T h r e s h e r w h o w i l l a l s o 

l e a d a t e a m c o m i n g t o C E R N in t h e A u t u m n 

b r i n g i n g e i g h t r a c k s o f t h e M i n i a t u r e L o g i c 

S y s t e m w i t h t h e m . 

One of the cards, 8X6 cm1, carrying a circuit 
used in the 'logic' developed at the Rutherford 
Laboratory. The commercial version has small 
changes particularly in its connection supports. 

A front view of one of the rack units showing how 
the cards are slotted in, a maximum of 62 par 
rack, with very short leads connecting the 
individual circuits. 
(Photos Rutherford Laboratory) 

T h e S u r p l u s S t o c k a n d S a l v a g e s e c t i o n h a s a l a r g e 

s e l e c t i o n o f n e w a n d u s e d e l e c t r o n i c a n d e l e c t r i c a l 

s p a r e - p a r t s , a l s o u s e d e l e c t r o n i c c o m p o n e n t s in 

g o o d c o n d i t i o n . 

T h o s e i n t e r e s t e d s h o u l d c o n t a c t t h e H e a d o f S t o r e s 

f o r f u r t h e r i n f o r m a t i o n a t t h e f o l l o w i n g a d d r e s s : 

C E R N - 1211 G e n e v a 23 . 
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This modern crystal gazer can foretell the 
future of a germanium crystal with 
surprising accuracy — surprising, that is 
unless you know the amount of painstaking 
work which goes into its preparation 
as a lithium drifted spectrometer. He 
knows that the plated ring of copper on 
the top surface indicates a drifted depth of 
15 mm and an intrinsic volume of 80 cc. 
Within a few days his forecast will be 
verified by efficiency measurements made 
using calibrated radioactive sources. This 
particular detector has been drifted to 
comply with a customers own stringent 
requirements. However, we also market a 
standard range of detectors which is the 
largest in the world. The two detector 
shapes shown right are currently the most 
popular, and are available as standard in 
volumes up to 40 cc. 

The system energy resolution is improved 
by fitting a cooled preamplifier first stage. 
Field effect transistors, specially selected 
for low temperature operation, are thermally 
'floated' at 30-70°C above liquid nitrogen 
temperature to optimise their contribution 
to the spectral peak width. (Ref. Smith and 
Cline, IEEE Transactions on Nuclear 
Science, June 1966, Vol. NS-13, 
pp 468-476). 
And now we are delighted to announce 
that optimized performance can be 
obtained by using lithium drifted 
germanium counters with the new 
International Series (compatible with 
USAEC TID- 20893 standards) of 
modular electronics. The graph right shows 
the excellent spectral resolution obtained 
as a function of count rate using a 30 cc 
detector in conjunction with an NE 4603 
amplifier incorporating pole zero 
cancellation. 

TRAPEZOIDAL 
DETECTOR 

/ H 

-J 
\ ^ 

^ " D e e p l y 

\ is drifted regions 
give high peak-

t o 
Compton ratio 

CYLINDRICAL 
DETECTOR 

U nlf orm ity 
of electric f ie ld 
gives superior 

t iming resolution 

Count rate versus energy resolution 
measurements taken with a Nuclear 
Enterprises 30 cc lithium drifted 
germanium detector and International 
Series electronic modules. 

Why not contact us to see how your future 
analyses of gamma spectra can be improved. 

NUCLEAR ENTERPRISES LIMITED 
S I G H T H I L L , EDINBURGH 11, SCOTLAND. T E L E P H O N E : 031-443 4060 
TELEX: 72333 CABLES: 'NUCLEAR, EDINBURGH' 
B a t h R d . , B e e n h a m , R e a d i n g , E n g l a n d . T e l e p h o n e : W o o l h a m p t o n 2 1 2 1 . T e l e x ; 84475 
Associate Companies : Nuclear Enterprises Inc . , 935 Termina l Way, San Carlos, California 

Nuclear Equ ipmen t Corporat ion, 931 Te rmina l Way, San Carlos, California 
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T U B E S ELECTRONIQUES 
GAMME ÉTENDUE POUR TOUTES APPLICATIONS PROFESSIONNELLES A GRANDE FIABILITÉ 

Série homogène de tubes pour applications industrielles 

KLYSTRONS DE PUISSANCE p o u r é m e t 

t e u r s T V , a c c é l é r a t e u r s l i n é a i r e s , s y n c h r o t r o n s 

TUBES DE PUISSANCE p o u r a m p l i f i c a t e u r s h a u t e e t b a s s e 

f r é q u e n c e , m o d u l a t e u r s à i m p u l s i o n s , r é g u l a t e u r s d e t e n s i o n . 

F 2 0 5 5 - 500 kW crête 
250 kW moy. ou CW 
500 MHz 

Pour a c c é l é r a t e u r s de par t icu les 

F 2 0 4 2 (KA 437) 

30 MW cr/25 kW moy. 
Bande S 

F 6 0 4 6 - Triode pour impulsions de 

18 M W 
F 6 0 4 7 - Etage final d'un émetteur 

de radiodiffusion de 600 kW 

mi 

F 2 0 0 9 - 30 kW moy. • 590 à 830 MHz pour émetteurs TV CMP 1115 - " C a r p i t r o n " pour télécommunications spatiales - 500 W/5925 à 
6425 MHz 

A U T R E S F A B R I C A T I O N S - T U B E S D ' E M I S S I O N PROFESSIONNELS ET POUR A P P L I C A T I O N S INDUSTRIELLES • C A R C I N O T R O N S " O " ET " M " « T U B E S A O N D E S PROGRESSIVES TYPES 

" O " ET A C H A M P S C R O I S E S • K L Y S T R O N S O S C I L L A T E U R S ET DE P U I S S A N C E • M A G N E T R O N S • A L T E R N A T S • TUBES A R A Y O N S C A T H O D I Q U E S ET A M E M O I R E • M I N I A T R O N • 

S U B N I T R O N • TUBES REPETEURS • T U B E S C E R A M I Q U E S • GENERATEURS DE BRUIT • I N D I C A T E U R S A U N E O N • T U B E S D ' A F F I C H A G E • E L E C T R O L U M I N E S C E N C E • LASERS A 

G A Z • FOURS A V I D E • P A S S A G E S E T A N C H E S • P O M P E S I O N I Q U E S 

CSF - COMPAGNIE GÉNÉRALE DE TÉLÉGRAPHIE SANS FIL 
GROUPEMENT TUBES ELECTRONIQUES 

55, rue Greffulhe - 92 Levallois-Perret - France 

Téléphone : 737-34-00 
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Simtec makes them tough and 'touchproof 

HIGH PERFORMANCE 
COOLED SILICON 

LITHIUM DRIFT DETECTORS 

ACTUAL SiZE 

# Electron resolution — 3.8 kev FWHM 

% X-Ray resolution —600 ev FWHM 

# Sectioned detectors up to 20 mm deep 

Detectors have a very thin 0.2 micron w indow (50 
micrograms / c m 2 ) and a leakage current as low as a few 
picoamps at 77° K. Window is so rugged it can be wiped 
clean of grease or other contamination wi th a solvent-
dipped swab. 

EACH DETECTOR PERFORMANCE-PROVED 

• 600 ev FWHM resolution on 14.4 gamma ray wi th 
2 mm and 3 mm deep detectors.* 

• 3.8 kev FWHM resolution has been obtained on 974 
kev conversion electrons from BI207, wi th 3 mm 
deep series K detector.* 

• 20 kev FWHM resolution on 12 Mev protons wi th 
2 mm and 3 mm deep detectors.* 

• The 20 mm deep detectors wi l l stop electrons wi th an 
energy of 8 Mev, protons wi th an energy of 70 Mev. 

Also available: 

• Slim rectangular detectors, active over their full w id th . 

• Annular detectors up to 3 mm deep. 

• Simtec l ithium drift detectors for use at room 
temperatures. 

• Totally depleted, all diffused. 

• Rectangular. 

// you're not using Simtec cooled silicon lithium drift detectors now, 
write; call or cable for complete information and prices. 

• Results obtained using Simtec P-11 preamplifier and M-31 linear 
amplifier systems. (Ask us about these too.) 

simtec ltd 
3400 Metropolitan Boulevard E., 
Montreal 38, Canada 
Telephone: (514) 728-4527 
High Energy and Nuclear Equipment S.A. 
2, Chemin de Tavernay, 
Grand-Saconnex, 1 21 8 Geneve, 
Switzerland. 
Tel. (022) 34 17 07/34 17 05 

Mcâtël 
TECHNIQUES DU VIDE 

22, avenue Edouard Her riot, 
92-Le Pie ssis-Robinson (France) 

Composants vides 
(pompes primaires, pompes roots, pompes à dif­
fusion d'huile, vannes, appareils de mesure, acces­
soires, groupes de pompage). 

Thermique sous vide 
(fours à induction, fours à résistance, fours à bom­
bardement é lect ronique, toutes ces installations 
étant automatiques et programmées). 

Détection de fuite à l'hélium 

Chambres de simulation spatiale 

O. 

"S 

Agents & distributors 

Natural and 
synthetic rubber 

Plastic materials 

Power transmission 
elements 

Sealing specialists 
(GACO) 

GENEVA ZURICH MILANO 
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"Selektronikadds 
research advantages 
andsubtractsfrom 

research costs!' 
A N A L Y S E R model 3 0 - 2 2 includes h.v. supply f o r sc in t i l la t ion 

or Geiger detec tors , pulse-shaping amp l i f i e r , pulse height analyser 
and ratemeter . I t can be used as a separate u n i t fo r analogue 

measurements or w i t h a scaler to f o r m a comp le te scaling system 
w i t h the ratemeter as a conven ien t t oo l f o r t un ing in on specif ic 

energy levels. Supp l ied as f ree-standing ins t rument or f o r standard 
1 9 " rack m o u n t i n g . 

P R I C E : - £ 3 3 5 (ex Works) 

S C A L E R / T I M E R model 31—21 can be operated e i ther as a preset 
coun t 6—decade 500ns scaler or as a preset t ime 6—decade t imer , 

w i t h BCD o u t p u t and p r i n t c o n t r o l . T w o ins t ruments together 
f o r m a sealer-t imer system w i t h the possib i l i ty of add ing up 

to three more un i ts (4—channel system). 

Preset c o u n t : 
1000 , 4 0 0 0 , 1 0 0 0 0 , 4 0 0 0 0 , 1 0 0 0 0 0 , 4 0 0 0 0 0 , 1 0 0 0 0 0 0 and co 

Preset t i m e : 
10, 4 0 , 100 , 4 0 0 , 1000 , 4 0 0 0 , 10000 and oo seconds and 

hundredths . Supp l ied as f ree-standing ins t rument or f o r s tandard 
1 9 " rack m o u n t i n g . 

P R I C E : £. 2 9 2 (ex Works) 

The S E L E K T R O N I K range includes high-voltage power suppl ies, 
ampl i f ie rs , nuclear data loggers, au tomat i c sample changers. 

For f u r t h e r i n f o r m a t i o n , con tac t 

Selektronik 
C A L C U L SA G E N E V A 

Case Postale 1 8 9 1 2 2 7 Carouge Geneva 

Small Type 
Relays 

Series K40 

L o w c o n t a c t r e s i s t a n c e a n d r e l i a b l e c o n t a c t m a k i n g 

w i t h t w i n c o n t a c t s 

S h o r t b o u n c e t i m e 

E x t r e m e l y h i g h l i v e e x p e c t a n c y 

S m a l l d i m e n s i o n s 

2 t o 6 c h a n g e - o v e r c o n t a c t s 

P r i n t a n d s o l d e r a b l e t y p e s a v a i l a b l e 

L o w p r i c e s 

V a r i o u s t y p e s f r o m s t o c k 

D i m e n s i o n s : 

M I N I R I D A 

M I N I R I D B 

M I N I R I D C 

M I C R O R I D A 

M I C R O R I D B 

M I C R O R I D C 

Reed-Relays 

Series M 

Miniature and 
Micro-Executions 

0 8 X 12 m m 

0 8 X 18 m m 

0 8 X 2 3 m m 

0 6 X 12 m m 

0 6 X 18 m m 

0 6 X 23 m m 

O p e r a t i n g v o l t a g e 2 ... 2 4 V D C 

M a x . s w i t c h i n g p o w e r 

v o l t a g e 

c u r r e n t 

2 8 W 

5 0 0 V 

1 A 

ERNI + Co. Elektro-Industrie 
C H - 8 3 0 6 Brùttisellen-Zùrich 
Telephon 0 5 1 / 9 3 1 2 1 2 
Telex 5 3 6 9 9 
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Everything is new! 
Only the name has not changed: Ion Getter Pumps 

A new range of ion getter pumps was designed, fol lowing research work by our physicists and engineers. Only 
the name is unchanged. W e can now offer the fol lowing advantages; • Extremely wide range of appl icat ion be­
cause of quick start ing at 10~3 Torr and total pressure below 10~11 Torr • High argon stabil ity — 3 0 % of the 
pumping speed for nitrogen— because of a newly designed cathode arrangement and a di f ferent combination 
of materials * Extended l i fet ime because of special anode surfaces —flake formation is eliminated— « Pump can 
be baked with its magnet to 400° C • Also available is a single unit with 120 Itr/sec pumping speed • Price per 
Itr/sec extremely low • Low operat ing cost « Power supply units available at competi t ive prices • Because of a 
second f lange easy access to the inside of the pump even when installed • Second f lange can be used also 
for f i t t ing evaporator pump or inside heater or starter pump • Our c. f. f lange system is identical to confiât 

system • These are decisive factors. This justi f ies your enquiry. 

QEYBOLD-HERAEUS 

L E Y B O L D - H E R A E U S G M B H & C O 5 K Ô L N - B A Y E N T A L • P O S T F A C H 195 
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HIGH ENERGY and NUCLEAR EQUIPMENT S.A. T E C H S S 3 Tot 

* NUCLEAR ENTERPRISES LTD have the new IANUS compatible modular data instrumentation in production and can offer early delivery of the 
fol lowing 10 units, in addition to the new IANUS-NIM bin complete with power supply and power monitoring panel — Counting Register, Display 
Unit, Serial ADC Adaptor, Flag Unit, Parallel Input Register, Digital to-Analog Converter, Drive Unit, Parallel Input Gate, Clock Pulse Generator 
and Route Unit. Many other IANUS modules are currently being developed by the U.K.A.E.A. at Harwell in collaboration with Nuclear Enterprises. 
Detailed literature available on request. Ask also for details of Nuclear Enterprises Wide Range of Instruments which comply with NIM-ISONE 
standards. Nuclear Enterprises offers by far the widest range of detectors for scinti l lat ion counting and spectroscopy. They also have the world 
lead in the development and production of lithium drifted germanium detectors. Ask also for details of the new Nuvistor wide band Amplif iers and 
Preamplifiers (2c/s to 10 mc/s). 

LAB EN have now announced the availabil i ty of their new low cost 4096 channel CORRELATION Kicksorter. LABEN FC 60/4096 fast ADC's have now 
been ordered by the majority of Europe's leading research centres. A complete range of NIM plug-in units is available to interface Computers and 
Kicksorters with ADC's, Time-of-Flight units, etc... LABEN can now offer fast electronics of outstanding specifications at low cost. 

SIMTEC detectors and electronics are in use in more than 40 countries at universities, research centres and hospitals. Others have been extensively 
used in space vehicles and in defence devices. HENESA is exclusively responsible for SIMTEC interests in Belgium, Bulgaria, Czechoslovakia, 
Hungary, Poland, Portugal, Rumania, Spain, Switzerand and Yugoslavia. The M31 low noise high performance amplif ier uses unselected components. 

C.S. ITALIA - the manufacturer of the highest precision gold plated printed circuits in Europe. Please send drawings and/or masters directly to 
C.S. ITALIA, 48 Via Saorgio, 10147 TORINO for quotation and mention this HENESA advertisement if you are making your first contact with 
C.S. ITALIA. HENESA can assist you with your overload of P.C. design work ! 

20th CENTURY ELECTRONICS have added to their wide range of equipment a new low cost extremely well engineered sensitive mass spectrometer, 
Q 806 (mass range: 1 - 100 amu, vacuum range: 10~4 torr and lower, bake out: 400° C) already on order for Europe's largest research centre, 
U.K.A.E.A. and others, and what is probably the smallest GM tube ever designed. Manufacturing licences available to other Companies. 

JOHNSTON LABORATORIES The majority of the most discriminating researchers in the vacuum and gas analyses fields use Johnston equipment. It 
is expensive but, of course, the best usually is! The focused mesh mult ipl ier can always be reactivated at low cost. 

SCIENTIFIC RESEARCH INSTRUMENTS have recently introduced a revolutionary medical mass spectrometer for cl inical blood, tissue and respiratory 
gas monitoring work. Already widely known in North America this spectrometer is now being introduced in Europe. Write for bulletin nr. MMS - 8. 

SCIENTIFICA AND COOK ELECTRONICS Low cost demountable laser systems, 8 mW, 3 mW CO and portable Mc laser systems, power monitor, 
spatial pinhole f i l ter, brewster windows etc.: 2 in and 4 biaxial f ie ld electromagnets 12 channel micropumps, electronic colony counters, cel l 
counters, thermoblocks and syringe pumps: research and teaching spectrometers — NMR and ESR type with all associated equipment. 

PITMAN outstanding performance Blood Volume Computer widely used in hospital accident, surgical, burns, medical, urological, maternity and 
veterinary units. Over 70 installations in the U.K. alone. Based on the isotope dilution technique, no calculations involved, resettable memory 
unit, blood volume is read on a large directly calibrated instrument in under 15 min. fully transistorized for exceptionally high reliabil i ty. 

ELECTRONICS & ALLOYS INC. are the world leaders in precision evaluation and analyses instrumentation. The Scientif ic Instrument Range extends 
to approximately 60 items and many of these are used in systems — Neutron and X-Ray Diffractometers, etc. — produced by leading companies. 
The E & A Range also includes Diffractometers, Full Cycle Goniometers, Low Cost Eucentric Goniometers, etc. The latest additions to this 
outstanding range of equipment are ad-Spacing Monochromator (Wavelength Changer) first used by BNL and a Deep Field Photographic 
Microscope (black and white or colour) capable of examining non-planer objects with all portions of the image in exact focus. The break through 
created wi l l revolutionise research and lecturering in Médecine, Sol id State, Physics, Industry (Fractures and Corrosion), Geology, Metalurgy, etc. 

* Equipment is available for 
demonstration and trials in 
your laboratories. We can 
also put you in touch with 
people who have consider­
able experience in the use 
of the equipment offered 
by our Principals: We can 
even make the arrange­
ments for you to visit these 
people or the laboratories 
of our Principals. 

Telex : 23 429 
now operating 2, chemin de Tavernay Grand Saconnex 1218 Genève Telephone 022 34 17 07 or 34 17 05 

Ronald S. Stiff 
Managing Director 

Exceptional performances 
Low cost 

Mod. LM 1450 : t h e mos t r e c e n t addi t ion 
to the r a n g e of S O L A R T R O N dig. voltm. 

1 0 M / - 1000 V in 6 r a n g e s 

Accuracy : ± 0,05 % of read ing 
± 0,05 % of r ange 

BCD or dec ima l ou tpu t 

50 r e a d i n g s p e r s e c o n d 

Isola ted input 

Pr ice : Fr. 4 1 5 0 . -

S f X A R T F O s ! 

£ 1 3 3 0 
if- •• » 

8, av. F ron t enex - 1211 G e n è v e 6 
Tél . 35 99 50 

SCHLUMBERGER. G E N E V E 

INSTRUMENTATION S.A. Z u r i c h 
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CHECK 
For latest information . , . for high-speed Information 
retrieval . , . just check off areas of Interest, clip 
nage to your card or letterhead, and mail* 

AMPLIFIERS & STRETCHERS 
O Dual Gated Pulse Stretcher 

• Gated Pulse Stretcher 

• Dual 2 ns Linear Amplifier, Variable Gain 

O Dual 2 ns Linear Amplifier, Fixed 10X Gain 

O Dual Scaler Driver 

COINCIDENCE UNITS 
• 4-foirf Logic Unit 

D &ual 3-Fold Logic Unii 

D Oual 2-Fold Logic Gate 

O 5-Fold Logic Unit 

DISCRIMINATORS 
• Dual 100 MHz Fixed Threshold Discriminator 

• 100 MHz Variable Threshold Discriminator 

O Bual 150 MHz General Purpose Discriminator 

O 150 MHz Variable Threshold Discriminator 

FAN-INS & FAN-OUTS 
O Dual 8-Fold Linear Fan-In 

O Dual 8-Fold Linear Fan-Out 

O Dual 4-Fold 200 MHz Linear Fannin 

• Dual 4-Fold 200 MHz Linear Fan-Out 

O 8-Channel 2-Fold Fan-In 

U TIME MEASUREMENT DEVICES 

• Analog Storage Time-to-Height Converter 

DIGITAL DATA ACQUISITION MODULES 
O Quadruple 2»Fold Coincidence Latch 

• 6-Channel Gated Coincidence Latch 

O 6-Channel Fast Output Gated Latch 

• Gated Digitizer 

• Gated 2-Decade Logarithmic ADC 

O Dual 4-Decade Logarithmic ADC 

L R S THE INNOVATOR LINE 
The latest in logic? The newest in digital data acquisition 
systems? New ideas are being developed every day here 
at LRS. New modules are continually emerging. Modules 
that bring unique capabilities to bear on standard experi­
mental problems. Modules that offer the experimenter 
exceptional convenience and ease of use . . . exceptional 
versatility and performance at very moderate cost. 
• Time to take inventory. Time to update your technical 
data files. Make sure you have the latest information on 
the LRS I n n o v a t o r L i n e . Use the handy high-speed check­
list, right. If you have a specific problem, your inquiry will 
bring prompt and specific application assistance. 

OPPORTUNITIES EXIST AT MANY LEVELS here at LRS for 
engineers with experience in high-speed solid state circuits, 
both integrated and discrete. If you would like to contribute 
to the development of research instrumentation—and see the 
results of your efforts advance research efforts throughout the 
world—our Chief Engineer, Carl Radmer, would be pleased to 
talk to you in confidence. 

• 

• 

• 

• Gated 8-Bit Linear ADC 

• 8-Channel 24-Bit Multiscaler 

P 4-€hannel 12-Bit Multiscaler 

• Preset Scaler 

Q Dual 100 MHz Scaler 

• Quad 12-Bit Fixed Data Entry Unit 

• 8-Spark Multiple Time Digitizer 

Q 80-Spark Multiple Time Digitizer 

DIGITAL SYSTEM CONTROL MODULES 
• Readout Control Unit, Automatic Address 

O Readout Control Unit, Manual Address 

O Spark Chamber System Readout Control Unit 

DIGITAL SYSTEM INTERFACES 
• Binary to BCD Converter 

• Typewriter Interface 

O Incremental Magnetic Tape Recorder Interface 

O High-Speed Magnetic Tape Recorder Interface 

O Computer Interface 

DIGITAL SYSTEM PRINTERS AND DISPLAYS 
• Modular Line Printer 

• 12-Bit Binary Indicator 

O 24*Bit Binary indicator 

O 8-Digit Nixie Display 

L i R E5 innovators In instrumentation 

UCRÛY RESEARCH SYSTEMS CORP. 
126 N o r t h R o u t e 303 , W e s t N y a c k 

N e w Y o r k 1 9 9 0 4 



More than coincidence. Our new C 1 4 4 / N performs most any logic 
function you want. A, B, C, 1, AI, AC, AD, BC, i l , CD, ABC, A l l , BCD, CDA, 
ABCD (A BCD), (A B AC > AD BC B D CDU ABC ABD ACD BCD)*,,., of course 
there are the VETO inputs and complement outputs. All this at 200 
MHz. We like to call it our "Anything and Everything" logic module. 
*AB = A and B, AvB — A or B 

N U C L E A R I N S T R U M E N T A T I O N 

N O R M A L 
M O D E 

C O I N C 
INPUTS 

c 

D ^ K * 

IN ^ 

VETO 

O U T 3 — 

MAJORITY i 
o M O D E o 

3 MAJORITY 
o LEVEL 

INPUT 
LOGIC 

CIRCUITRY 

"YES" 
O U T P U T W I D T H 

' (5 -200 NSEC) 

UPDATING 
DISCRIMINATOR 

- E k 

- E T 

OVERLAP O U T 
(AND) 

OVERLAP O U T 
(NAND) 

GATED i o N O T GATED 

BIN 
GATE 

OUTPUT 
AMPLIFIERS 

E F G H G__H 

YES YES YES 

OUTPUTS 

Four d i r e c t - c o u p l e d c o i n c i d e n c e i n ­
p u t s . F r o n t p a n e l l o c k i n g t o g g l e 
sw i tches select pa r t i c i pa t i ng inpu ts in 
N O R M A L m o d e ; all i npu ts pa r t i c ipa te 
in M A J O R I T Y m o d e . I npu t pu lse pair 
r eso lu t i on be t te r than 5 nsec. D i rec t -
c o u p l e d , p r o t e c t e d VETO i n p u t ope r ­
ates in b o t h N O R M A L and M A J O R I T Y 
m o d e s ; bu f fe red VETO o u t p u t . Dua l 
OVERLAP o u t p u t p rov ides A N D s igna l ; 
Dua l OVERLAP prov ides N A N D signal . 
M i n i m u m i n p u t requ i red fo r f u l l OVER­
LAP o u t p u t < 2 nsec. Sw i t ch se lec ted 
b in ga t ing . N O R M A L or MAJORITY , o p ­

e ra t i on chosen by f r o n t panel s w i t c h . 
O n e - f o l d , t w o - f o l d , t h r e e - f o l d , o r f o u r ­
f o l d N O R M A L o p e r a t i o n . 1 - , 2 - , o r 
3 - o u t - o f - 4 M A J O R I T Y o p e r a t i o n . Re­
genera ted YES o u t p u t signals are p r o ­
d u c e d by an u p d a t i n g d i s c r i m i n a t o r 
w h i c h f o l l o w s the OVERLAP o u t p u t . 
YES signal means, "YES, the log ic re­
q u i r e m e n t s w e r e sa t i s f i ed / 7 The w i d t h 
o f YES o u t p u t signals may be preset 
ove r the range 5 to 200 nsec by a h igh 
reso lu t i on l o c k i n g f r o n t pane l c o n t r o l . 
T w o Dua l YES o u t p u t s and a Dua l YES 
o u t p u t f o r h igh f anou t . 

W r i t e or cal l f o r d e t a i l e d spec i f i ca t ions . E C & G , Inc., Nuc lear I n s t r u m e n t a t i o n D i v i s i on , 40 Congress St reet ,Sa lem,Massachuset ts 
01970. T e l e p h o n e : (617) 745-3200. Cab les : EGGINC — SALEM. 
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TOC tSBIT 

THRESHOLD RESET 

HIDAC means flexibility 
and reliability! 
The HIDAC system is kept up-to-date even in some years by the perma­
nent introduction of new modules, which helps to automise and expand 
your experiment. 

j * j * 

4 4 4 4 4 4 4 4 4 « 

4 4 4 4 4 4 4 4 4 4 

OVER 
FLOW 

THRESHOLD RESET 

• • ê 

• • * 

X 0,5 V 

LOOK 

OFF READ 

PICK UP 

OVER 
FLOW 

TYPE 

Time to Digital Converter 909 

The TDC 909 consists of two inde­
pendent channels for digitizing the 
sonic transit time of spark cham­
bers. It consists of a special discri­
minator input-circuit giving low jitter 
triggering of the subsequent 16 bit 
binary scaler, which counts the pul­
ses from a clock-generator with a 
maximum speed of 20 MHz. The 
threshold of the input-discriminator 
is variable from 0,5 to 4,5 Volt in 
steps of a 0,5 Volt. For multiple-spark-
detection with wire-spark-chambers, 
a special overflow-output is provi­
ded, by passing the second and all 
the following pick-up signals, which 
can be used to trigger second or 
further channels. In this way there 
is no limit to the multiple-spark-de­
tection by switching TDC's in cas­
cade. The double-spark-resolution 
is 0,5 ^ s or 2,5 millimeters for wire-
spark-chambers. Using the LOOK-
button the contents of this 16 bit 
binary scaler are displayed on the 
central control unit in decimal form. 

The HIDAC Data Acquisit ion System 
is designed for collection of all 
data in experimental high and low 
energy nuclear physics. Many spe­
cial units are available for particu­
lar applications, such as recording 
of data from spark chambers, ' 
doscope-arrays, time-of-flight mv 

surements, pulse-height information 
and counting-rates up to 100 MHz. 
This equipment was conceived from 
the many special units over the last 
few years, together with the latest 
requirements for ON-LINE control. 
Our programme does not only con­
sist of a single component for the 
system, but we have a fully integra­
ted range from spark chambers to 
interface of computers. We do not 
claim to have developed this system 
entirely ourselves, but with the help 
of our many customers it therefore 
covers most the requirements in the 
field. 

On the left one the modules is 
introduced. 

Great Br i ta in : 36 East Street, Shoreham-by-Sea, 
Sussex 
Telephone 4305 
Germany: Verkaufsbùro Munchen, Kaiserstr. 10, 
D-8000 Mùnchen 23 E L E C T R O N I C S 
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