


Yerevan Conference 
The Seventh International Conference on High 
Energy Accelerators was held at Yerevan in 
Soviet Armenia from 27 August to 2 September. 
The article reviews some of the topics discussed 
at the Conference. 

A t t h e e n d o f A u g u s t s o m e 180 a c c e l e r a t o r 

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

J a p a n s t r u g g l e d t h r o u g h M o s c o w t o j o i n 

2 0 0 o f t h e i r S o v i e t c o l l e a g u e s ( r e p r e s e n t ­

i n g a l t o g e t h e r 85 r e s e a r c h c e n t r e s ) a t 

Y e r e v a n f o r t h e S e v e n t h I n t e r n a t i o n a l C o n ­

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

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

P u r e a n d A p p l i e d P h y s i c s ( I U P A P ) , t h e 

U S S R S t a t e C o m m i t t e e f o r t h e U s e o f 

A t o m i c E n e r g y , a n d t h e U S S R A c a d e m y o f 

S c i e n c e s . T h e C o n f e r e n c e w a s h e l d in t h e 

m o u n t a i n r e s o r t o f T s a k h k a d z o r , a t a 

h e i g h t o f 1500 m a b o u t 5 0 k m f r o m Y e r e ­

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

e n j o y t h e f a c i l i t i e s o f t h e S t a t e S p o r t s 

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

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

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

C o n f e r e n c e . T h e a c c o m m o d a t i o n p r o v i d e d 

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

c a t e r e d f o r . E x c u r s i o n s a n d c o n c e r t s g a v e 

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

A r m e n i a n c u l t u r e . 

T h r o u g h o u t t h e C o n f e r e n c e a n d d u r i n g 

t h e s u b s e q u e n t v i s i t s t o L a b o r a t o r i e s i n 

M o s c o w , L e n i n g r a d , D u b n a , S e r p u k h o v , 

K h a r k o v a n d N o v o s i b i r s k , t h e S o v i e t s c i e n ­

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

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

g r e a t s u c c e s s . 

Changes in two years 
It is i n t e r e s t i n g t o b e g i n b y c o m p a r i n g t h e 

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

t e m b e r 1969 w i t h t h a t in S e p t e m b e r 1967 

w h e n t h e l as t C o n f e r e n c e in t h i s s e r i e s 

w a s h e l d a t C a m b r i d g e , U S A . S i n c e C a m ­

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

c o m e i n t o o p e r a t i o n — t h e S e r p u k h o v 

76 G e V p r o t o n s y n c h r o t r o n , t h e C o r n e l l 

10 G e V e l e c t r o n s y n c h r o t r o n , t h e Y e r e v a n 

6 G e V e l e c t r o n s y n c h r o t r o n , t h e G a t c h i n a 

1 G e V s y n c h r o - c y c l o t r o n , t h e A D O N E 

1.5 G e V e l e c t r o n - p o s i t r o n s t o r a g e r i n g s . 

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

2 8 G e V p r o t o n - p r o t o n I n t e r s e c t i n g S t o r a g e 

R i n g s a t C E R N , o n t h e 3.5 G e V e l e c t r o n -

p o s i t r o n s t o r a g e r i n g a t N o v o s i b i r s k o n t h e 

800 M 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 a t L o s 

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

T R I U M F . A n d , o f p a r t i c u l a r i m p o r t a n c e , 

c o n s t r u c t i o n o f t h e 2 0 0 G e V p r o t o n s y n -

Contents 
Y e r e v a n C o n f e r e n c e 
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Cover photograph : Inside the tunnel of the Intersecting Storage Rings showing how far 

construction has advanced. K. Johnsen reported at the Yerevan Conference on the 

excellent progress of the ISR project. The photograph shows a section of the tunnel 

where the magnets of both rings and some vacuum components are installed. Following 

the sweep of the two rings it is possible to identify (upper left of the photograph) a 

region where the beams will collide. (Photo CERN/PI 242.8.69) 
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Inside the ring tunnel of ARUS, the 6 GeV 
electron synchrotron at the Yerevan Physics 
Institute - the host Laboratory for the Conference. 
The injected beam comes in from the right on 
the photograph. In the ring itself can be seen 
one of the magnets in between two of the large 
r.f. cavities. 

(Photo Yerevan) 

c h r o t r o n a t B a t a v i a h a s s t a r t e d a t a v e r y 

f a s t r a t e . 

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

l o p m e n t s , w e s h o u l d m e n t i o n t h e d e m i s e 

o f s o m e p r o j e c t s s u c h a s t h e 4 0 G e V 

p r o t o n s y n c h r o t r o n in J a p a n a n d t h e 

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 ) in C a n a d a . 

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

g o v e r n m e n t c o n c e r n i n g p a r t i c i p a t i o n in 

B a t a v i a is b e l i e v e d t o b e i m m i n e n t . ) B u t 

s o m e p r o j e c t s m u s t a l w a y s f a l l b y t h e 

w a y s i d e a n d p r o b a b l y o f m o r e s i g n i f i c a n c e 

h a s b e e n a g e n e r a l b e l t - t i g h t e n i n g in t h e 

U S A a n d in E u r o p e w h i c h h a s r e s t r i c t e d 

o p e r a t i o n a n d d e v e l o p m e n t o f e x i s t i n g 

m a c h i n e s . ( T h e r e d o e s n o t s e e m t o b e a n 

e q u i v a l e n t s q u e e z e in t h e S o v i e t U n i o n a t 

p r e s e n t a n d L a b o r a t o r i e s s u c h a s D u b n a , 

N o v o s i b i r s k a n d S e r p u k h o v d o n o t s e e m 

t o b e s h o r t o f r e s o u r c e s . ) 

In t h e U S A , B a t a v i a h a s h a d i t s f u l l 

c o n s t r u c t i o n b u d g e t o f $ 2 4 0 m i l l i o n ' a u ­

t h o r i z e d ' . T h e s e f u n d s r e m a i n t o b e ' a p p r o ­

p r i a t e d ' a n d $ 96 m i l l i o n h a s b e e n r e q u e s t ­

e d f o r f i s c a l y e a r J u l y 1969 t o J u l y 1 9 7 0 — 

t h e d e c i s i o n is e x p e c t e d in N o v e m b e r . B u t 

B a t a v i a is r e c e i v i n g s p e c i a l t r e a t m e n t in 

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

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

w i l l b e in o p e r a t i o n a t 2 0 0 G e V in 1972 . 

O t h e r L a b o r a t o r i e s , in t h e c o n t e x t o f a n 

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

c e b u d g e t s in t h e U S A , a r e , i n g e n e r a l , 

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

e t s o f t h e p r e v i o u s f i s c a l y e a r , w h i c h , in 

e f f e c t , m e a n s a r e d u c t i o n in m o n e y . O b ­

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

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

o p e r a t i o n w i l l f i n d it v e r y d i f f i c u l t t o f l o u r ­

i sh in t h e s e c i r c u m s t a n c e s . 

If t h e s i t u a t i o n c o n t i n u e s , t h e b i t t e r d e c i ­

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

t h e m a c h i n e s o p e r a t i n g i n t h e U S A , s u c h 

a s t h e 3 G e V f a s t - c y c l i n g s y n c h r o t r o n a t 

P r i n c e t o n , s o a s t o c o n t i n u e t o d e v e l o p 

t h e b i g g e r c e n t r e s , w i l l h a v e t o b e c o n ­

f r o n t e d . A n o t h e r e x c e p t i o n t o t h e g e n e r a l 

p i c t u r e o f r e s t r a i n t is 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 w o r k a t B e r k e l e y (o f w h i c h 

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

a v e r y f a v o u r a b l e e y e . 

In E u r o p e , a s C E R N C O U R I E R r e a d e r s 

h a r d l y n e e d t o b e r e m i n d e d , t h e 3 0 0 G e V 

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

s c e n e s i n c e t h e l as t C o n f e r e n c e . In t h e 

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

h a s c o m e i n d e c i s i o n in i n d i v i d u a l E u r o ­

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

f o l l o w in t h e c o m i n g y e a r s . A d d e d t o t h i s , 

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

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

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

o v e r t h e h e a d o f N i m r o d , t h e 7 G e V p r o t o n 

s y n c h r o t r o n a t R u t h e r f o r d U K , a n d a s e v e r e 

c u t b a c k o n s c i e n c e in F r a n c e , f o l l o w i n g 

d e v a l u a t i o n , w i l l h i t S a c l a y . ( S a c l a y h a v e 

j u s t r e l e a s e d t h e d e s i g n s t u d y f o r t h e i r 2 3 

t o 45 G e V p r o t o n s y n c h r o t r o n p r o p o s a l , 

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

t h e p r e s e n t s i t u a t i o n . ) 

A l l t h i s h a s o b v i o u s l y h a d a n i n h i b i t i n g 

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

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

a t t h e Y e r e v a n C o n f e r e n c e w a s p r o b a b l y 

w e a k e r t h a n e v e r b e f o r e in a C o n f e r e n c e 

in t h i s s e r i e s . C o u n t i n g p a p e r s is n o t a 

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

a C o n f e r e n c e b u t i t is s o m e m e a s u r e o f 

w h a t h a s b e e n s a i d a b o v e t o p o i n t o u t t h a t 

l e s s t h a n 2 0 % o f t h e p a p e r s g i v e n in t h e 

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

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

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

b e e n l a r g e l y a q u e s t i o n o f ' s t a n d a n d w a i t ' 

t o k n o w in w h i c h d i r e c t i o n e f f o r t c a n b e s t 

b e a p p l i e d . T h e s a d t h i n g is t h a t , w h e n 

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

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

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

3 0 0 G e V d e c i s i o n a r e r e m o v e d , E u r o p e 

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

p r i o r i t i e s . 

Things of interest 
A n o t h e r r e v e a l i n g c o m p a r i s o n w i t h t h e 

s i t u a t i o n in 1967 is t o l o o k a t t h e t o p i c s 

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

n o w . A t C a m b r i d g e t h e t w o k e y t o p i c s 

w e r e : 

1 . S p a c e c h a r g e e f f e c t s 

2 . B o o s t e r s . 

A t Y e r e v a n t h e s e w e r e r e p l a c e d b y : 

1 . E l e c t r o n r i n g a c c e l e r a t o r s 

2 . S u p e r c o n d u c t i v i t y . 

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

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

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

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

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

p r o b l e m s w h i c h b e c o m e m o r e s e v e r e a s 

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

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

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

y e a r s , a n d C E R N , w h i c h h a s p a r t i c u l a r 

i n t e r e s t b e c a u s e o f i t s P S i m p r o v e m e n t 

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

n e n t in t h i s w o r k — a s w a s r e c o g n i z e d in 

a m a j o r r e v i e w p a p e r ' S o m e h i g h c u r r e n t 

e f f e c t s in a c c e l e r a t o r s ' b y E. C o u r a n t 

( B r o o k h a v e n ) . 

A t C a m b r i d g e , b o o s t e r s ( t h e i n t e r m e ­

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

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

w h i c h ' b o o s t ' t h e i n j e c t i o n e n e r g y i n t o t h e 

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

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

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

c a s e o f ' t o e a c h h i s b o o s t e r ' . A w i d e 

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

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

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

a s t o t h e b e s t s o l u t i o n . In a n e x c e l l e n t 

r e v i e w p a p e r , ' F e a t u r e s o f b o o s t e r s f o r 

s u p e r h i g h e n e r g y p r o t o n s y n c h r o t r o n s ' 

A section of the 3.5 GeV electron-positron storage 
ring, VEPP 3, at Novosibirsk. Note that the ring 
is suspended from the roof of the tunnel building. 
Construction of VEPP 3 is virtually complete and 
experiments are planned for the near future. 

(Photo Novosibirsk) 

W . H a r d t f r o m C E R N d o t t e d t h e ' i ' s c r o s s ­

e d t h e ' t ' s a n d v i r t u a l l y p u t t h e f u l l s t o p 

t o t h e w o r k o f t h e p a s t t w o y e a r s . It is n o w 

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

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

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

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

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

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

A l l t h e m a j o r ' n e x t g e n e r a t i o n ' a c c e l e r a t o r 

d e s i g n s — t h e 2 0 0 G e V in t h e U S A , t h e 

3 0 0 G e V in E u r o p e a n d t h e 1000 G e V f r o m 

t h e R a d i o T e c h n i c a l I n s t i t u t e i n t h e U S S R 

— a r e in a g r e e m e n t , i n b r o a d o u t l i n e , o n 

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

In t h e t w o Y e r e v a n ' t o p i c s o f i n t e r e s t ' , 

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

i m p o r t a n t w o r k o f C E R N r e g a r d i n g s p a c e -

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

C E R N is a n i n t e r e s t e d b y s t a n d e r , w i t h n o 

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

e v e r , s o m e w o r k in E u r o p e o n t h e s e t o p i c s 

— K a r l s r u h e a n d M u n i c h a r e b e g i n n i n g 

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

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

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

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

e r a t o r s . 

Electron ring 
accelerators 
T h e f i r s t t o p i c , e l e c t r o n r i n g a c c e l e r a t o r s 

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

c o v e r e d in C E R N C O U R I E R in v o l . 8, p a g e 

2 8 a n d v o l . 9, p a g e 4 0 a n d f o r a n u n d e r ­

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

s p a c e , a s k r e a d e r s t o r e f e r b a c k t o t h e s e 

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

p a p e r s , w h i c h r e v e a l s w h a t a P a n d o r a ' s 

B o x t h e s i n g l e p a p e r f r o m D u b n a , t u c k e d 

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

o p e n e d . 

T h e w o r k a t D u b n a ( r e v i e w e d b y V . P . 

S a r a n t s e v in a p a p e r ' A c c e l e r a t o r w i t h 

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

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

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

a t t h e Y e r e v a n C o n f e r e n c e c l e a r l y r e v e a l ­

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

a c c e l e r a t i o n ' s t a g e , e l e c t r o n r i n g a c c e l e r ­

a t o r s w o r k . In F e b r u a r y a n d M a r c h o f t h i s 

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

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

p r o d u c e s t r i p l y i o n i z e d p o s i t i v e n i t r o g e n 

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

t h e ' c o m p r e s s o r ' i n w h i c h t h e y a r e f o r m e d , 

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

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

g i v e n i t r o g e n i o n e n e r g i e s o f o v e r 6 0 M e V . 

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

n i t r o g e n i o n s in t h e r i n g s a n d t h e i r e n e r g y 

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

o f c e r i u m w h e r e t h e i o n s t a k e p a r t in a 

r e a c t i o n a t a n e n e r g y j u s t b e l o w 6 0 M e V 

p r o d u c i n g r a d i o a c t i v i t y . T h e y c o v e r e d t h e 

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

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

v i t y f r o m t h i s b o t t o m ha l f . 

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

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

' b l o w u p ' a n d b e l os t ) w i t h o u t l o s i n g t h e 

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

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

t h r e e . 

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

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

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

w i t h ' C o m p r e s s o r I I I ' ( d e s c r i b e d b y 

D. K e e f e in a p a p e r o n ' E R A d e v e l o p m e n t 

a t B e r k e l e y ' ) . T h e y h a v e b u i l t a p u l s e d c o i l 

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

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

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

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

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

B e r k e l e y b r o u g h t C o m p r e s s o r I I I i n t o 

o p e r a t i o n a t t h e b e g i n n i n g o f A u g u s t . In 

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

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

t r o n s r e s u l t e d in o n l y a f e w h o u r s o f u s e f u l 

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

e v e r t o p r o d u c e e l e c t r o n r i n g s a g a i n , t o 

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

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

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

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

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

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

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

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

s o l e n o i d f i e l d a b o u t 1 m l o n g w i l l b e 

s t u d i e d . 

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

o f e n e r g i e s b e t w e e n 2 a n d 4 M e V a n d 

c u r r e n t s g r e a t e r t h a n 5 0 0 A , i s b e i n g b u i l t 

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

t h e c o m p r e s s o r . It w i l l o p e r a t e a t 1 t o 10 

H z w i t h p u l s e s 3 5 n s l o n g a n d h i g h s t a b i ­

l i t y . T h i s i n j e c t o r w i l l b e r e a d y f o r 15 M a r c h 

1970 . A t t h e b e g i n n i n g o f O c t o b e r , w o r k 

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

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

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

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

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

t h e p a s t t w o y e a r s h a s b e e n v e r y f a s t . 

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

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

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

c h r o t r o n r i n g s . 

T h e m o s t i m p o r t a n t w o r k o n s u p e r c o n ­

d u c t i n g c a v i t i e s is b e i n g d o n e a t t h e H i g h 

E n e r g y P h y s i c s L a b o r a t o r y , S t a n f o r d , a n d 

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

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

r e s e a r c h p r o g r a m m e s a t I l l i n o i s , K a r l s r u h e , 

D u b n a , R u t h e r f o r d a n d B r o o k h a v e n . H E P L 

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

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

a c c e l e r a t o r 150 m l o n g f o r a n e n e r g y o f 

2 G e V o r a b o v e . ( T h e p r o j e c t w a s d e s ­

c r i b e d i n C E R N C O U R I E R v o l . 8 , p a g e 2 3 9 ) . 

E. C h a m b e r s b e g a n h i s s t a t u s r e p o r t 

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

n o w s o l v e d . T h e r.f. c o n t r o l p r o b l e m s 

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

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

1.5 M e V s u p e r c o n d u c t i n g l e a d p r o t o t y p e 

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

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

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

b e a m c h a r a c t e r i s t i c s ( a v e r a g e c u r r e n t s u p 

t o 140 [ iA w e r e a c c e l e r a t e d ) s h o w e d t h a t 

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

o f a b o u t ± 10~ 4 a t b e a m c u r r e n t s o f 

100 \iA, c o u l d b e m e t . 

E x c e l l e n t r e s u l t s c o n t i n u e t o b e o b t a i n ­

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

1 0 1 1 a n d f i e l d g r a d i e n t s o f 2 7 M e V / m . ( T o 

a c h i e v e 2 G e V a n d c .w . o p e r a t i o n o f t h e 

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

g r a d i e n t s o f o n l y a b o u t 13 M e V / m a n d 

Q s o f 1 0 1 0 . ) T h e p r o d u c t i o n o f n i o b i u m 

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

t o b e c o m p l e t e l y s o l v e d b y a s p e c i a l t r e a t ­

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

m a n y h o u r s a t 2 0 0 0 ° C i n a l a r g e f u r n a c e , 

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

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

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

r e q u i r i n g n i o b i u m o f e x t r e m e p u r i t y . 

T h e t u n n e l f o r t h e a c c e l e r a t o r h a s b e e n 

b u i l t a n d a ' r e t u r n l o o p ' b y m e a n s o f w h i c h 

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

e r a t o r a g a i n is c o n t e m p l a t e d . B y m i d - 1 9 7 0 

it is h o p e d t h a t t h e f i r s t s e c t i o n o f t h e 

a c c e l e r a t o r f o r a n e n e r g y o f a b o u t 3 0 M e V 

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

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

1 9 7 1 . 

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

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

c o n c e n t r a t e o n t h e w o r k o f o n e L a b o r a ­

t o r y , R u t h e r f o r d ( r e p o r t e d b y J . D . L a w s o n ) , 

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

w a y a t o t h e r c e n t r e s s u c h a s B r o o k h a v e n , 

B e r k e l e y , a n d R T I . 

T h e i m p o r t a n t c o n t r i b u t i o n o f R u t h e r f o r d 

w a s b r o u g h t o u t i n t h e s t o r y o n t h e B r o o k ­

h a v e n S u m m e r S t u d y l a s t y e a r ( C E R N 

C O U R I E R , v o l . 8 , p a g e 186) . T h e y h a v e 

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

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

w h i c h w i l l h a v e l o w a .c . l o s s e s ( so t h a t i t 

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

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

a t t r a c t i v e a l t e r n a t i v e t o c o n v e n t i o n a l m a g ­

n e t s . F o l l o w i n g t h e o r e t i c a l s t u d i e s , t h e 

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

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

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

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

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

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

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

f i l a m e n t s o f n i o b i u m - t i t a n i u m t w i s t e d t o 

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

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

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

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

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

t e s t e d s o f a r h a v e c o n t a i n e d 2 t o 3 k g m 

o f c o n d u c t o r ( t y p i c a l l y a 6 0 k G s o l e n o i d o f 

9 c m b o r e ) . T h e i r p e r f o r m a n c e h a s b e e n 

in v e r y g o o d a g r e e m e n t w i t h e x p e c t a t i o n 

r e a c h i n g ' s h o r t s a m p l e ' c h a r a c t e r i s t i c s 

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

u p t o o n c e p e r t w o s e c o n d s . 

M a n y q u e s t i o n s r e m a i n t o b e a n s w e r e d . 

N e v e r t h e l e s s , i t l o o k s a s if s u p e r c o n ­

d u c t i v i t y w i l l b e t h e t e c h n i q u e t o t a k e t h e 

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

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

o f t o l e r a b l e r a d i u s . A g o o d p i l o t e x p e r i ­

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

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

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

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

7 G e V N i m r o d a t R u t h e r f o r d . 
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Accelerators 
A l a r g e p a r t o f t h e C o n f e r e n c e w a s , o f 

c o u r s e , g i v e n o v e r t o p r o g r e s s r e p o r t s o n 

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

m a j o r a c c e l e r a t o r s a n d s t o r a g e r i n g s . W e 

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

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

b e e n c o v e r e d in C E R N C O U R I E R i n r e c e n t 

m o n t h s . 

Serpukhov 

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

u t i l i z a t i o n a n d d e v e l o p m e n t o f t h e 7 6 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 

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

m a j o r r e v i e w w a s b y A . A . N a u m o v , ' S t a t u s 

r e p o r t o f t h e S e r p u k h o v a c c e l e r a t o r ' . 

S i n c e i t w a s c o m m i s s i o n e d in O c t o b e r 

1 9 6 7 , t h e 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 

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

a p e a k i n t e n s i t y o f 1.5 x 1 0 1 2 p r o t o n s p e r 

p u l s e a n d o p e r a t e s r e g u l a r l y a t 1.2 x 1 0 1 2 . 

T h e r e m a r k a b l e p e r f o r m a n c e o f t h e 

1 0 0 M e V l i n e a r i n j e c t o r c o n t i n u e s — w i t h ­

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

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

t i o n o f l i n a c s , i t h a s p r o d u c e d a 15 { is 

p u l s e o f 120 m A . It is u s u a l l y o p e r a t e d a t 

c u r r e n t l e v e l s o f 50 t o 6 0 m A f o r s i n g l e 

t u r n i n j e c t i o n . W i t h t h e v a c u u m c h a m b e r 

d i m e n s i o n s in t h e m a i n r i n g o f 2 0 x 11.5 

c m 2 , i t i s p r o b a b l e t h a t t h e a c c e l e r a t o r 

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

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

n o t b e e n a t t e m p t e d y e t . S o m e t h i n g l i k e 

6 x 1 0 1 2 s h o u l d b e q u i t e f e a s i b l e . 

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

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

2 a n d c h a n n e l 4) a n d a n e u t r a l p a r t i c l e 

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

t a n e o u s l y o n a f l a t t o p o f 1.5 m s . W i t h a n 

a c c e l e r a t e d b e a m o f 7 0 G e V , c h a n n e l 2 , 

( f e e d i n g t h r e e e x p e r i m e n t s ) g i v e s p a r t i c l e s 

i n t h e m o m e n t u m r a n g e 4 0 t o 6 0 G e V / c 

w i t h 7 x 1 0 5 t o 1 0 4 p a r t i c l e s p e r p u l s e . 

C h a n n e l 4 ( f e e d i n g f i v e e x p e r i m e n t s ) g i v e s 

p a r t i c l e s in t h e m o m e n t u m r a n g e 2 5 t o 

4 0 G e V / c w i t h 1 0 6 p a r t i c l e s p e r p u l s e . 

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

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

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

T h e s l o w e j e c t i o n s y s t e m w i l l u s e t h e 9 2 / 3 

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

i n g t h i c k n e s s ( b e g i n n i n g w i t h o n e 0.5 m m 

t h i c k ) . T h e e j e c t i o n e f f i c i e n c y is d e s i g n e d 

t o b e o v e r 9 0 % • T h e t w o f a s t e j e c t i o n 

c h a n n e l s , o n e o f w h i c h is b e i n g p r o v i d e d 

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

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

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

s y s t e m o f m a g n e t s . A p r o t o t y p e s e p t u m 

m a g n e t h a s b e e n m a d e . O n e o f t h e f a s t 

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

b u b b l e c h a m b e r , M i r a b e l l e , b e i n g c o n ­

s t r u c t e d a t S a c l a y f o r u s e a t S e r p u k h o v . 

T h e b u i l d i n g t o r e c e i v e t h e c h a m b e r is 

a l m o s t c o m p l e t e . 

Stanford (SLAC) 

P r o g r e s s o n t h e 2 0 G e V e l e c t r o n l i n e a r 

a c c e l e r a t o r a t S t a n f o r d w a s r e p o r t e d b y 

R .B . N e a l . 79 % o f a l l o p e r a t i n g t i m e n o w 

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

b e a m c a n b e a c c e l e r a t e d t o a p e a k e n e r g y 

o f 21 .5 G e V ( i t i s i n t e n d e d t o i n c r e a s e t h e 

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

25 G e V ) a n d t h e a v e r a g e b e a m p o w e r is 

5 0 0 k W ; t h e e q u i v a l e n t f i g u r e s f o r t h e 

p o s i t r o n b e a m a r e 13.5 G e V a n d 7 k W . 

T h e p h e n o m e n o n o f b e a m b r e a k - u p 

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

15 t o 18 m A h a s b e e n o v e r c o m e b y o p t i ­

m i z i n g t h e f o c u s i n g a n d b y d e - t u n i n g t h e 

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

C u r r e n t s o f 6 5 m A c a n n o w b e a c h i e v e d , 

w e l l a b o v e t h e i n i t i a l g o a l o f 50 m A , a n d 

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

8 0 m A . B e a m l o a d i n g e f f e c t s in t h e a c c e l ­

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

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

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

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

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

n e i g h b o u r . 

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

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

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

b e a m is a l l o w e d t o c o l l i d e w i t h a f i x e d 

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

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

a r e r e q u i r e d t h e b e a m is s i m p l y s t e e r e d 

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

A n o t h e r n e w d e v i c e is a b e a m c h o p p e r 

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

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

a r e s p a c e d o n l y 3 5 0 p s a p a r t t h i s a b i l i t y 

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

f l i g h t m e a s u r e m e n t s . 

Cornell 

B . D . M c D a n i e l r e p o r t e d o n t h e o p e r a t i o n 

o f t h e 10 G e V e l e c t r o n s y n c h r o t r o n a t 

C o r n e l l U n i v e r s i t y . T h i s m a c h i n e w a s b u i l t 

i n 2 V2 y e a r s a t a c o s t o f $ 12 m i l l i o n , 

b e g i n n i n g o p e r a t i o n a t 10 G e V in M a r c h 

1968 . In N o v e m b e r 1967 , t h e e x p e r i m e n t a l 

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

4 5 p h y s i c i s t s w i t h a l a b o r a t o r y o p e r a t i n g 

s t a f f o f a n o t h e r 4 ? p e o p l e . T h e b e a m 

i n t e n s i t y i s a b o u t 3 x 1 0 1 0 e l e c t r o n s p e r 

p u l s e a t 6 0 H z (2 x 1 0 1 2 e l e c t r o n s p e r 

s e c o n d ) . 

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

t h e n o v e l v a c u u m s y s t e m — t h e r e is n o 

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

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

m a g n e t s t h e m s e l v e s . T h e r e h a s , h o w e v e r , 

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

r.f. s y s t e m a n d a n e w r.f. c a v i t y is b e i n g 

i n s t a l l e d t o g i v e s o m e r e s e r v e a n d t o m a k e 

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

is t o r e a c h 15 G e V — t h i s is w e l l w i t h i n 

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

w i t h i t s l a r g e r a d i u s o f 100 m o p e r a t e s a t 

o n l y 3.3 k G f o r 10 G e V . A n e j e c t e d b e a m 

f o r 2.5 G e V e l e c t r o n s is b e i n g p r e p a r e d 

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

Los Alamos 

A p a p e r o n t h e ' D e s i g n a n d c o n s t r u c t i o n 

s t a t u s o f 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 ' w a s g i v e n b y L. R o s e n . T h e 8 0 0 

M 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 , L A M P F , 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 . 8, p a g e 

132 . I t i s d e s i g n e d f o r 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 a v e r a g e c u r r e n t o f 1 m A — 

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

100 JJLA o f n e g a t i v e i o n s a n d 0.1 JJLA o f 

p o l a r i z e d i o n s . T h r e e C o c k c r o f t - W a l t o n 

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

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

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

a d v a n c e d . T h e t r e n c h t o t a k e t h e a c c e l e r ­

a t o r , 8 5 0 m l o n g , h a s b e e n d u g o u t a n d 

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

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

a c c o m m o d a t i o n is n e a r i n g c o m p l e t i o n . 

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

a t o r a r e t o b e o f t h e A l v a r e z t y p e b u t w i t h 

p o s t - c o u p l e d s t r u c t u r e . ( A s l i d e o f s u c h a 

t a n k w a s s h o w n a t t h e C o n f e r e n c e ) . T h e 

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

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

a s i d e - c o u p l e d s t r u c t u r e . 3 0 % o f t h e 
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An aerial view of the Serpukhov Laboratory which 
houses the highest energy accelerator in the 
world - a 76 GeV proton synchrotron. Part of the 
ring tunnel can be distinguished together with 
the huge experimental hall which spans a section 
of the accelerator. 

(Photo APN) 

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

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

w h e r e t h e s e i d e a s a r e b e i n g t e s t e d is 

w o r k i n g e x c e l l e n t l y . 

O f t h e t o t a l c o s t o f t h e p r o j e c t , $ 5 5 m i l ­

l i o n , $ 3 3 m i l l i o n h a s b e e n a p p r o p r i a t e d 

a n d a b o u t $ 2 7 m i l l i o n o f t h i s h a s b e e n 

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

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

i n m i d - 1 9 7 2 b u t L A M P F a w a i t s w i t h b a t e d 

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

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

Batavia 

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

t h e 2 0 0 G e V p r o t o n s y n c h r o t r o n a t B a t a v i a 

h a s b e e n u n d e r l i n e d m a n y t i m e s in C E R N 

C O U R I E R . W h e n t h e c o n s t r u c t i o n t i m e -

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

c o m p l e t e d in m i d - 1 9 7 2 ) w a s a n n o u n c e d a t 

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

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

m i l d l y . B u t t h e s p e e d w i t h w h i c h t h i n g s 

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

t h i s d a t e w i l l n o t fee m e t . 

R. W i l s o n , D i r e c t o r o f t h e L a b o r a t o r y , 

g a v e a n e x o t i c p a p e r a t t h e Y e r e v a n C o n ­

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

N a t i o n a l A c c e l e r a t o r L a b o r a t o r y ' . H e l i s t e d 

s e v e r a l p o s s i b i l i t i e s f o r f u t u r e e x p a n s i o n . 

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

b e m e n t i o n e d h e r e . A f t e r t h e a c c e l e r a t o r 

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

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

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

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

a r e a s , e t c . ( s e e C E R N C O U R I E R v o l . 9 , 

p a g e 173 ) , o r b y b r i n g i n g o u t a s e c o n d 

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

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

4 0 0 G e V o n e o r t w o y e a r s a f t e r o b t a i n i n g 

a 2 0 0 G e V b e a m . T h i s is a n i m p o r t a n t 

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

t i n u e t o g o w e l l a t B a t a v i a , t h e U S A w i l l 

b e a t 4 0 0 G e V b e f o r e E u r o p e h a s i t s f i r s t 

3 0 0 G e V b e a m . 

F u r t h e r p o s s i b i l i t i e s , w h i c h a r e m u c h 

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

t o 1 0 1 4 p r o t o n s p e r s e c o n d ( t h e r e w o u l d 

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

e x p e n s e ) ; t o a d d s t o r a g e r i n g s ( s e e C E R N 

C O U R I E R v o l . 8, p a g e 3 1 3 ) ; t o i n s t a l l a 

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

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

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

d u c t i n g r i n g (5000 G e V ) j u s t s q u e e z e d o n t o 

t h e L a b o r a t o r y s i t e . ( O n e o f t h e p r o b l e m s 

w i t h P r o f e s s o r W i l s o n is t h a t h e is a r a t h e r 

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

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

P r o f e s s o r W i l s o n s a i d h o w e v e r , t h a t h i s 

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

e n e r g y w o u l d i n v o l v e a w o r l d - w i d e c o l l a ­

b o r a t i o n ot% a n a c c e l e r a t o r i n t h e 1 0 0 0 ' s 

o f G e V r a n g e . H e h e r e e c h o e d t h e r e m a r k s 

o f A c a d e m i c i a n A . L . M i n t s f r o m t h e R a d i o 

T e c h n i c a l I n s t i t u t e , M o s c o w , w h o g a v e a 

l o n g p a p e r o n t h e ' D e s i g n o f a 1 0 0 0 G e V 

p r o t o n s y n c h r o t r o n ' ( d e v e l o p i n g i n s e v e r a l 

s t a g e s t o 5 0 0 0 G e V ) . T h e s e i d e a l s h a v e 

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

v e r y f a r . N e v e r t h e l e s s , i t i s u n d e r s t o o d t h a t 

b o t h S o v i e t a n d A m e r i c a n s c i e n t i s t s a r e 

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

g o v e r n m e n t s o n t h i s t o p i c . 

Yerevan 

D u r i n g t h e C o n f e r e n c e a l l t h e p a r t i c i p a n t s 

t o o k t h e o p p o r t u n i t y t o v i s i t t h e h o s t L a ­

b o r a t o r y — t h e I n s t i t u t e o f P h y s i c s a t 

Y e r e v a n ( d i r e c t e d b y A . I . A l i k h a n i a n w h o 
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w a s a l s o C h a i r m a n o f t h e C o n f e r e n c e 

O r g a n i z i n g C o m m i t t e e ) . T h e I n s t i t u t e ' s 

6 G e V e l e c t r o n s y n c h r o t r o n , A R U S , f i r s t 

r e a c h e d i t s d e s i g n e n e r g y o n 25 O c t o b e r 

1 9 6 7 . T h e b e a m c u r r e n t h a s n o w b e e n 

i m p r o v e d t o 12 m A a n d w h e n a b e a m 

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

i s e x p e c t e d t o i n c r e a s e t h i s t o 2 0 m A — 

1 0 1 1 e l e c t r o n s p e r p u l s e a t a r e p e t i t i o n 

f r e q u e n c y o f 47 .5 H z . T h e s e f i g u r e s a r e 

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

s y n c h r o t r o n s . 

T h e a c c e l e r a t o r h a s a r a d i u s o f 3 5 m 

a n d t h e m a g n e t i c f i e l d r i s e s f r o m 6 6 G a t 

i n j e c t i o n t o a p e a k o f 8 k G a t f u l l e n e r g y . 

R F a c c e l e r a t i n g p o w e r , w h i c h h a s a m a x i ­

m u m o f 5 2 0 k W , is a p p l i e d in 2 4 c a v i t i e s 

d i s t r i b u t e d a r o u n d t h e r i n g . T h e w a v e ­

l e n g t h o f t h e a c c e l e r a t i n g f i e l d is 2 .25 m 

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

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

A l t h o u g h t h e p o w e r l o s s e s in t h e 2 m 

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

5 0 c m r a n g e , t h e t o t a l c o s t o f p o w e r a t 

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

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

2 m m t h i c k w i t h e p o x y s t r i p s t o p r e v e n t 

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

120 m m w i d e b y 4 2 m m h i g h . T h e o p e r a t ­

i n g p r e s s u r e m a i n t a i n e d b y t i t a n i u m a n d 

t u r b o - m o l e c u l a r h i g h s p e e d p u m p s is 10~ 6 

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

5 0 M e V l i n e a r i n j e c t o r ( t h r e e t a n k s e a c h 

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

m u m c u r r e n t o f 2 0 0 m A f o r s i n g l e t u r n 

i n j e c t i o n . 

T h e r e a r e t w o s t a t i o n s w h e r e g a m m a 

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

g e t s i n t o t h e S o u t h E x p e r i m e n t a l H a l l 

w h i c h h a s a n a r e a o f 1800 m 2 (a d i a m o n d 

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

a p o l a r i z e d m o n o e n e r g e t i c g a m m a b e a m ) . 

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

t r o n b e a m b u t t h i s h a s n o t y e t s t a r t e 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 h a s t a k e n 

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

a l m a j o r e x p e r i m e n t s a r e n o w i n s t a l l e d o r 

a r e b e i n g i n s t a l l e d . A h e a v y l i q u i d b u b b l e 

c h a m b e r w i t h a v o l u m e o f 3 0 0 l i t r e s , b u i l t 

a t t h e I n s t i t u t e , h a s t a k e n s o m e p i c t u r e s 

a n d is t o b e u s e d in a s s o c i a t i o n w i t h a 

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

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

k a o n s . A h u g e w i d e a n g l e p a i r s p e c t r o -

Construction progress on the Booster for the 
200 GeV accelerator at Batavia. The fast-cycling 
Booster is scheduled to produce 8 GeV beams 
by the middle of 1971. Its building will be 
completed by 2 April 1970. 

m e t e r is a t a n a d v a n c e d s t a g e o f a s s e m b l y 

a n d a l a r g e s p a r k c h a m b e r a r r a y is p l a n ­

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

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

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

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

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

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

t h e e t a a n d x i u s i n g t h e P r i m a k o v e f f e c t . 

Storage Rings 
H e r e w e c o n c e n t r a t e o n t h e i n f o r m a t i o n 

f r o m N o v o s i b i r s k a n d C E R N . A n e w s t o r ­

a g e r i n g p r o p o s a l f r o m S t a n f o r d ( S L A C ) i s 

d e s c r i b e d o n p a g e 2 7 3 o f t h i s i s s u e . 

Novosibirsk 

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 c a m e 

f r o m t h e I n s t i t u t e o f N u c l e a r P h y s i c s a t 

N o v o s i b i r s k c o v e r i n g t h e p e r f o r m a n c e o f 

t h e 6 0 0 M e V e l e c t r o n - p o s i t r o n s t o r a g e r i n g 

V E P P 2 , t h e c o n s t r u c t i o n o f t h e 3.5 G e V 

e l e c t r o n - p o s i t r o n s t o r a g e r i n g V E P P 3 a n d 

t h e p l a n s f o r t h e 25 G e V p r o t o n - a n t i p r o ­

t o n s t o r a g e r i n g V A P P 4 ( s e e C E R N C O U ­

R I E R v o l . 7 , p a g e 8 8 , a n d v o l . 8, p a g e 288. ) 

T h e r e w a s a l s o a g e n e r a l r e v i e w p a p e r b y 

G . I . B u d k e r , D i r e c t o r o f t h e I n s t i t u t e , o n 

' A c c e l e r a t o r s a n d C o l l i d i n g B e a m s ' . 

I m m e d i a t e l y a f t e r t h e C o n f e r e n c e , m a n y 

o f t h e p a r t i c i p a n t s v i s i t e d N o v o s i b i r s k a n d 

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

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

o f t h e I n s t i t u t e ' s w o r k , a n d w e r e a b l e t o 

s e e t h e v e r y i m p r e s s i v e m a c h i n e s . It i s a 

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

I n s t i t u t e t h a t t h e N o v o s i b i r s k t o u r w a s t h e 

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

e d f o l l o w i n g t h e C o n f e r e n c e . 

R e s e a r c h a t t h e I n s t i t u t e is c o n c e n t r a t e d 

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

( a b s o r b i n g a b o u t 5 0 % o f t h e t o t a l e f f o r t ) , 

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

o f a c c e l e r a t o r s i n t h e f e w M e V r a n g e f o r 

u s e in i n d u s t r y . S t o r a g e r i n g w o r k b e g a n 

in 1962 w i t h t h e c o n s t r u c t i o n o f V E P P I, 

a n e l e c t r o n r i n g o f 1 6 0 M e V w h i c h c a m e 

i n t o o p e r a t i o n in 1965 a n d w a s u s e d m a i n l y 

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

b y V E P P 2 , a 7 0 0 M e V e l e c t r o n - p o s i t r o n 

r i n g c o m i n g i n t o o p e r a t i o n in 1966 , w h i c h 

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

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

i m p o r t a n t m e a s u r e m e n t s o n v e c t o r m e -
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s o n s c a r r i e d o u t i n 1967 ( s e e C E R N C O U ­

R I E R v o l . 8, p a g e 245 ) . 

A m a j o r r e c o n s t r u c t i o n o f V E P P 2 t o 

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

e x p e r i m e n t s t o o k p l a c e in 1968 a n d i t 

c a m e b a c k i n t o s e r v i c e in M a y o f t h i s y e a r 

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

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

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

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

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

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

p u m p s . E l e c t r o n a n d p o s i t r o n c u r r e n t s o f 

u p t o 6 0 m A a r e s t o r e d d u r i n g a n i n j e c t i o n 

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

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

i n i t i a l l u m i n o s i t y i s 1 0 3 2 c m " 2 h ~ \ 

C o n s t r u c t i o n o f V E P P 3, a n e l e c t r o n -

p o s i t r o n s t o r a g e r i n g f o r 3.5 G e V b e g a n in 

1967 a n d t h e r i n g i t s e l f i s n o w c o m p l e t e . 

J u s t b e f o r e t h e C o n f e r e n c e , a p r o t o n b e a m 

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

V E P P 3 c o n s i s t s o f t w o h a l f - r i n g m a g n e t 

s e c t i o n s o f r a d i u s 8 m , e a c h h a v i n g e i g h t 

m a g n e t u n i t s j o i n e d b y t w o 12 m s t r a i g h t 

s e c t i o n s . E a c h u n i t i n c o r p o r a t e s a b e n d i n g , 

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

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

t h a n b e i n g l a m i n a t e d ) in t h e I n s t i t u t e ' s 

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

a t e w i t h a m a x i m u m f i e l d o f 16 k G . T h e y 

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

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

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

T h e v a c u u m c h a m b e r c r o s s - s e c t i o n in 

8 x 2.9 c m ( v a r y i n g a l i t t l e a r o u n d t h e r i n g ) 

a n d is p u m p e d b y d i s t r i b u t e d i o n p u m p s 

a s in V E P P 2 . T h e c h a m b e r i s o f s t a i n l e s s 

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

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

b a k e d b e f o r e i n s t a l l a t i o n f o r 3 0 h o u r s a t 

8 0 0 ° C ) . P r e s s u r e s o f 2 x 10~ 9 t o r r h a v e 

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

1 0 " 1 1 i n t h e s t r a i g h t s e c t i o n s . 

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

i n i t i a l l y o p e r a t e a t a n a v e r a g e p o w e r o f 

150 k W g i v i n g b e a m s w i t h a p e a k e n e r g y 

o f 2 G e V . M o r e p o w e r w i l l b e p r o v i d e d 

l a t e r t o g o t o 3.5 G e V . T h e r.f. w i l l o p e r a t e 

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

(4 .03 a n d 76 .57 M H z ) . W h e n p o s i t r o n s a r e 

i n j e c t e d (a t a n e n e r g y o f 2 5 0 M e V ) , t h e 

r.f. w i l l o p e r a t e o n t h e 1 9 t h h a r m o n i c s o 

t h a t p a r t i c l e s w i l l c i r c u l a t e i n 19 b u n c h e s . 

W h e n t h e 1s t h a r m o n i c is s w i t c h e d o n t h e 

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

1 9 t h h a r m o n i c w i l l t h e n b e b r o u g h t b a c k 

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

w i t h 18 r.f. ' b u c k e t s ' e m p t y . T h e e n e r g y o f 

t h e p o s i t r o n s w i l l b e i n c r e a s e d t o 5 0 0 M e V 

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

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

G e V r e g i o n . 

T h e i n j e c t o r s y s t e m is a l s o u n i q u e . It 

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

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

a t t h e I n s t i t u t e f o r u s e in i n d u s t r y . T h i s 

p r o v i d e s 3 M e V e l e c t r o n b e a m s o f 3 A 

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

t r o n o f 1 m r a d i u s . T h e e l e c t r o n s a r e t h e r e 

a c c e l e r a t e d b e t a t r o n f a s h i o n t o 10 M e V 

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

5 0 0 M e V ( t h e f i e l d r i s i n g t o 17 k G ) in 1 m s . 

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

t r o n t o t h e s t o r a g e r i n g — o n e t a k e s t h e 

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

p u l s e d m a g n e t i c f i e l d o f 130 k G ) , t h e o t h e r 

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

o f 2 5 0 M e V e n e r g y w h i c h w i l l t h e n b e 

i n f l e c t e d in t h e o p p o s i t e d i r e c t i o n . It is 

i n t e n d e d t o s t o r e 100 t o 150 m A in e a c h 

b e a m w i t h a l u m i n o s i t y o f ô x I O ^ c m ^ h " 1 . 

T h e i n j e c t o r s y s t e m , w i t h o u t t h e p o s i t r o n 

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

V A P P 4 , t h e v e r y a d v e n t u r o u s p r o t o n -

a n t i - p r o t o n s t o r a g e r i n g , i s s t i l l i n a s t a t e 

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

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

' e l e c t r o n c o o l i n g ' s y s t e m ) . H o w e v e r , a m o ­

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

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

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

d e f o c u s i n g a n d b e n d i n g ( s e p a r a t e d f u n c ­

t i o n l a t t i c e ) a s in V E P P 3 . It i s i n t e n d e d t o 

m a k e t h e m a g n e t s in t h e I n s t i t u t e ' s w o r k ­

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

V A P P 4 b y F e b r u a r y 1970 . ( T h e r i n g t u n n e l 

i s r e a d y t o r e c e i v e t h e m . ) F i r s t o p e r a t i o n 

m a y b e in 1 9 7 1 . 

It i s n o w n o l o n g e r i n t e n d e d t o u s e 

V E P P 3 a s a n e l e m e n t i n t h e o p e r a t i o n o f 

V A P P 4 . H o w e v e r , t h e f i r s t e x p e r i m e n t 

u s i n g V E P P 3, t o b e g i n b e f o r e t h e e n d o f 

1969 , w i l l b e t o c a r r y o u t t e s t s o n t h e i d e a 

o f ' e l e c t r o n c o o l i n g ' ( d e s c r i b e d i n C E R N 

C O U R I E R v o l . 6, p a g e 219) w h i c h is a v i t a l 

e l e m e n t o f t h e V A P P 4 d e s i g n . It i n v o l v e s 

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

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

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

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

s t e a d i l y t a k e s s o m e o f t h e ' h e a t ' ( t h e u n ­

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

b e a m . F o r t h e e x p e r i m e n t , a 2 0 0 M e V 

p r o t o n b e a m a n d a 100 k e V e l e c t r o n b e a m 

w i l l b e u s e d . V E P P 3 w i l l b e u s e d f o r h i g h 

e n e r g y p h y s i c s in 1970 . 

T h e v i s i t o r s t o t h e I n s t i t u t e a t N o v o s i ­

b i r s k w e r e v e r y i m p r e s s e d b y t h e i n g e n u i t y 

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

e v i d e n t . 

CERN 

K. J o h n s e n g a v e a v e r y n e a t r e p o r t o n t h e 

p r o g r e s 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 

p r o j e c t a t C E R N . T h e t u n n e l t o h o u s e t h e 

s t o r a g e r i n g s is a l m o s t ' c l o s e d ' ( t h e w a l l s 

a n d r o o f a r o u n d t h e f u l l 1 k m c i r c u m f e r ­

e n c e h a v e b e e n c o n s t r u c t e d ) a n d a b o u t 

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

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

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

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

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

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

( a r o u n d a b o u t o n e q u a r t e r o f t h e t u n n e l i n 

b o t h r i n g s ) . 

A l l t h e m a j o r c o m p o n e n t s o f t h e r.f. 

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

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

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

b e g a n i n S e p t e m b e r . V i r t u a l l y a l l p a r t s o f 

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

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

t i a l f r a c t i o n b u i l t i n f i n a l f o r m . 

A b o u t t w o - t h i r d s o f t h e v a c u u m p u m p s 

h a v e a r r i v e d a n d h a v e b e e n t e s t e d . S o m e 

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

t e m a r e i n s t a l l e d in t h e r i n g s . P r e s s u r e s a 

l i t t l e b e l o w 10~ 8 t o r r a r e r e a d i l y o b t a i n e d 

w i t h o u t ' b a k e - o u t ' a n d , a f t e r t h e f i r s t b a k e -

o u t in s i t u a p r e s s u r e o f 2 x 1 0 ~ 1 0 w a s 

r e a c h e d . In O c t o b e r , t h e f i r s t l i q u i d n i t r o ­

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

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

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

p u m p d o w n t o 1 0 " 1 1 t o r r i n N o v e m b e r . 

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

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

u n u s u a l b e a m p r o f i l e m o n i t o r . A r i b b o n j e t 

(70 m m x 1 m m ) o f s o d i u m v a p o u r w i l l b e 

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

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

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

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

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

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

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

a c c u r a c y o f t h e d e v i c e is e x p e c t e d t o b e 

o f t h e o r d e r o f 1 m m . 

C o n s t r u c t i o n o f t h e I S R is o n s c h e d u l e . 

T h e c o m p l e t i o n d a t e r e m a i n s a s m i d - 1 9 7 1 . 

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

t r e s : A t t h e C a m b r i d g e E l e c t r o n A c c e l e r ­

a t o r , U S A , t h e b y p a s s p r o j e c t ( s e e C E R N 

C O U R I E R v o l . 8 , p a g e 289) is a l m o s t r e a d y 

t o g o . T h e l as t c o m p o n e n t s o f t h e b y p a s s 

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

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

n e c e s s a r y t e c h n i q u e s h a v e b e e n s u c c e s s ­

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

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

c u r r e n t s o f u p t o 3 0 m A i n t e n s i t y h a v e 

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

3 . 5 G e V . It i s h o p e d e v e n t u a l l y t o h a v e 

1 0 0 m A i n e a c h b e a m . T e s t s w i t h b o t h 

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

a c c e l e r a t o r a r e s c h e d u l e d t o s t a r t a t t h e 

e n d o f t h i s y e a r . 

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

b e a m s , r e p o r t e d in C E R N C O U R I E R v o l . 9 , 

p a g e 1 7 1 , t h e 1.5 G e V e l e c t r o n - p o s i t r o n 

s t o r a g e r i n g A d o n e a t t h e F r a s c a t i L a b o ­

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

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

p r o g r e s s e d . 

T h e 5 5 0 M e V e l e c t r o n - p o s i t r o n s t o r a g e 

r i n g A C O a t t h e O r s a y L a b o r a t o r y in 

F r a n c e , w h e r e s o m e o f t h e f i n e s t p h y s i c s 

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

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

c h a n g e s 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 

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

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

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

r a t o r i e s t h r o u g h o u t t h e w o r l d . T h e r e w a s 

l i t t l e ' n e w ' a t t h e C o n f e r e n c e , w h i c h t o o k 

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

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

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

C o n f e r e n c e s o n a c c e l e r a t o r s h a v e f o l l o w ­

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

p a s t y e a r ( U S S R A c c e l e r a t o r C o n f e r e n c e in 

O c t o b e r 1 9 6 8 ; U S A A c c e l e r a t o r C o n f e r e n c e 

i n M a r c h 1969 ) . It w o u l d h e l p t o e v e n 

t h i n g s o u t if t h e U S A C o n f e r e n c e 

( w h i c h h a s b e c o m e v e r y i n t e r n a t i o n a l ) 

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

s e r i e s . 

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

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

p a n t s t o t h e C o n f e r e n c e . T h e e x t e n t o f 

c o l l a b o r a t i o n b e t w e e n L a b o r a t o r i e s is 

g r o w i n g y e a r b y y e a r — f r o m n e c e s s i t y i n 

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

m e n t o f t h e p h y s i c i s t s — a n d t h e C E R N -

S e r p u k h o v c o l l a b o r a t i o n w a s p r o m i n e n t . If 

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

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

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

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

w o r l d - w i d e s c a l e . 

CERN News 

Slow ejection efficiency 
T h e e f f i c i e n c y o f s l o w e j e c t i o n s y s t e m s 

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

C E R N a n d a t B r o o k h a v e n in t h e c o n t e x 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 s t o 

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

in t h e p r o t o n s y n c h r o t r o n s a t b o t h L a b o ­

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

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

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

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

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

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

In 1 9 6 8 C E R N s t a r t e d d e t a i l e d s t u d i e s in 

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

t i c a l e f f i c i e n c y ( a b o u t 9 0 % ) p e r s i s t e n t l y 

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

p r o v e m e n t s m a d e d u r i n g 1967 w h i c h c a r ­

r i e d t h e e f f i c i e n c y t o a r o u n d 8 0 % . 

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

w h i c h w i l l b e e x a m i n e d in m o r e d e t a i l 

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

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

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

m e a s u r e m e n t s o f t h e b e a m in a s l o w e j e c ­

t i o n s y s t e m . 

T h e n e e d is t o o b t a i n a d i r e c t c o m p a r i ­

s o n b e t w e e n t h e n u m b e r o f p r o t o n s e j e c t e d 

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

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

o f e q u i p m e n t c a n b e u s e d : 

a) B e a m c u r r e n t t r a n s f o r m e r s ( s e e C E R N 

C O U R I E R v o l . 9 , p a g e 67 ) . T h e s e d e v i ­

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

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

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

o r a n e j e c t e d b e a m . H o w e v e r t h e y o p e r ­

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

s i t i e s . 

b) I n d u c e d a c t i v i t y d e t e c t o r s . T h e s e c a n 

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

e d in t h e b e a m w h i c h a r e l a t e r r e m o v ­

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

a c t i v i t y . T h i s m e a s u r e m e n t is r e l a t e d 

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

p a s s e d t h r o u g h t h e s h e e t s . T h e m e t h o d 

is o n l y a p p l i c a b l e t o e j e c t e d b e a m s . 

c ) L o s s m o n i t o r s — 100 a i r i o n i z a t i o n 

c h a m b e r s o n e o n e a c h P S m a g n e t , a n 

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

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

e j e c t i o n m a g n e t s . 

T o g e t a t t h e s l o w e j e c t i o n e f f i c i e n c y 

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

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

t h e i n t e r n a l b e a m , t h e f a s t e j e c t e d b e a m 

a n d t h e s l o w e j e c t e d b e a m . T h e r e a r e n o 

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

e f f i c i e n c y . B e a m c u r r e n t t r a n s f o r m e r s a r e 

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

t e d b e a m ) . 

W i t h s l o w e j e c t i o n h o w e v e r , i t is n o t 

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

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

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

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

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

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

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

a n d e r r o r s i n t h e c r o s s - s e c t i o n e s t i m a t e s . 

T h e r e s u l t is a c c u r a t e t o w i t h i n o n l y ± 9 % 

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

T h e p r e s e n t m e a s u r e m e n t m e t h o d m a k e s 

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

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

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

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

± 1 % • T h i s c a n t h e n b e u s e d t o c o m p a r e 

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

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

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

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

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

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

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

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

B e a m c u r r e n t t r a n s f o r m e r s a t t h e s a m e 

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

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

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

p r o t o n s w h e n s l o w e j e c t i o n is u s e d . W h e n 

t h e f a s t e j e c t i o n e f f i c i e n c y is 100 % , 

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

t h e s l o w e j e c t i o n e f f i c i e n c y . 

U s i n g t h i s m e t h o d , t h e s l o w e j e c t i o n 

e f f i c i e n c y h a s b e e n m e a s u r e d a s 90 .7 ± 

3.1 % . T h i s f i g u r e h a s g r e a t s i g n i f i c a n c e . 

F i r s t o f a l l i t is a ' w o r l d r e c o r d ' f o r s l o w 

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

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

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

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

c o n s i s t e n t l y , f o r r e a s o n s t h e n u n k n o w n , 

b e e n f a l l i n g a r o u n d 10 o / 0 s h o r t o f w h a t 

w a s e x p e c t e d , a n d s l o w e j e c t i o n w a s 

b e c o m i n g e q u a t e d w i t h t h i n g s o c c u l t . N o w 

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

c a n f a c e t h e i r 1 0 1 3 p r o t o n s b r e a t h i n g e a s i e r . 

A p a p e r b y Y . B a c o n n i e r , O . B a r b a l a t a n d 

D. D e k k e r s o n t h e r e c e n t w o r k a t C E R N 

w a s g i v e n a t t h e Y e r e v a n C o n f e r e n c e . 
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On the morning of Sunday, 31 August, fire 

broke out in the middle of the outer tunnel 

in the south-east PS area, which houses 

the k 11 low-momentum separated pion 

beam and the neutrino beam which will 

feed the heavy-liquid bubble chamber 

Gargamelle. The neutrino beam was being 

tested. 

It took the CERN firemen over two hours 

to put out the blaze, and the photograph 

gives some idea of the damage. 

Fortunately, no-one was injured. However, 

a whole series of cables were burned out 

and the pulsed magnets, the vacuum 

system and the beam control system were 

damaged by the intense heat and falling 

white-hot debris. Some of the synthetic 

mastic sealing of the building was 

destroyed. 

Every effort is being made to have the k11 

beam operating again as soon as possible 

after the annual PS shutdown. With more 

than VI2 million photographs already 

taken, the k 11 experiment was scheduled 

to run for a few weeks before the 

shutdown. 

An investigation is under way to see how 

safety conditions can be improved before 

Gargamelle comes into operation. The 

accident should not affect the schedule 

for other experiments. 

Early in September, a pressure of 5 x10~u 

torr was achieved in a pilot section (16 m 

long) of the ISR vacuum system. This Is 

the first section in the ISR tunnel which 

has been baked so far. Five 'bake-outs' at 

different temperatures and of different 

duration have been carried out (150 -

300 °C, 4-20 hours). The main purpose, 

apart from testing the bake-out equipment, 

was to find the best bake-out procedure. 

Before each new bake-out the chamber 

was exposed to atmosphere. 

An average pressure of 10~9 torr has been 

specified for the ISR, but pressures of 

10~10 torr or better could be achieved in 

uncomplicated sections like this pilot 

section. The average pressure in the 

completed rings will be determined by 

those sections where something goes 

wrong (such as poor pump performance, 

contamination or leaks). 

Up to 17 September, out of a length of 

near 2000 m of vacuum system, 180 m 

were Installed and 60 m are under vacuum. 

The Installation is proceeding at a rate of 

about 40 m per week. 

CERN/PI 168.9.69 
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Modifications 
to r.f. system 
A m o n g t h e m a j o r f a c t o r s l e a d i n g t o t h e 

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

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

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

s y s t e m . T h e y h a v e c o n c e r n e d t e c h n i q u e s 

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

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

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

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

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

t o b e m o d u l a t e d b e t w e e n 10 a n d 1 0 0 % o f 

i ts p e a k v a l u e , a n d if n e c e s s a r y r e d u c e d 

t o z e r o . T h e s e c o n d t e c h n i q u e c o n c e r n s 

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

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

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

w h e n t h e a c c e l e r a t i n g v o l t a g e o n t h e 

c a v i t i e s is e q u a l t o z e r o . 

A c c e l e r a t i o n in a s y n c h r o t r o n i n v o l v e s 

t h e f o r m a t i o n o f t h e o r b i t i n g p r o t o n b e a m 

i n t o b u n c h e s (20 in t h e c a s e o f t h e C E R N 

PS) . F o r m o s t u s e s o f t h e a c c e l e r a t e d 

A prototype r.f. cavity for the 800 MeV 

Booster; four cavities of this type will be 

installed (one in each of the four stacked 

rings). The cavities will operate over the 

frequency range 2.8 to 8.5 MHz with ferrite 

core tuning (a section of the cores is 

visible in the upper part of the cavity). 

Because of the space restrictions when 

the cavities are stacked one on top of 

another with only 36 cm between the mid-

planes, the tuning is done by passing a 

current (up to about 700 A) through a 

spiral around the cores. 

In the left foreground is the r.f. amplifier. 

The ferrite is kept at low temperature by an 

air conditioning system via the tube which 

can be seen perpendicular to the cavity. 

Tests are scheduled for completion at the 

end of 1969 and the final versions of the 

cavities should be ready for 1971. 

A photograph taken at the beginning of 

September during the Installation of the 

crane-bridge in Experimental Hall 11 of 

the Intersecting Storage Rings. This Hall 

covers one of the two interaction regions 

(from the eight where beam collisions can 

take place in the ISR) where extensive 

provision in terms of space for the 

Installation of experimental equipment is 

being made from the start. 

The crane-bridge, manufactured by Ceretti-

Tanfanl of Milan, will be the longest in use 

at CERN with the exception of that in the 

new West Experimental Hall (Hall E 1) 

described In CERN COURIER vol. 8, 

page 102. It will be capable of operation 

at continuously variable speed using d.c. 

current motors powered by a Ward-

Leonard supply. 

Its main characteristics are : total weight 

about 100 tons; maximum weight lifted : 

40 tons; width : 47.6 m; maximum height 

of lift : 12.5 m; lifting speed : 6 mlmin 

loaded; speed of bridge : up to 40 mlmin. 

b e a m ( p a r t i c u l a r l y f o r s l o w e j e c t i o n ) t h i s 

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

p o s s i b l e w h e n t h e r e q u 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 s t r u c t u r e is r e d u c e d 

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

w i t h a c h a n g e in t h e f r e q u e n c y o f t h e 

v o l t a g e a p p l i e d in t h e r.f. c a v i t i e s . 

T h i s m e t h o d h a s s o m e d r a w b a c k s : s i n c e 

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

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

t h e f r e q u e n c y p r o g r a m m e , r e s o n a n c e s a r e 

e x c i t e d c a u s i n g a n r.f. s t r u c t u r e t o a p p e a r 

in t h e p r o t o n b e a m . A l s o , d u r i n g t h a t p a r t 
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of t h e c y c l e w h e n t h e p r o t o n s p a s s 

t h r o u g h t h e f i x e d m i n i m u m f r e q u e n c y o f 

2 .78 M H z , t h e y t e n d t o r e - b u n c h a t t h e 

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

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

c i e n t l y t h e r.f. s t r u c t u r e . 

S i n c e t h e b e g i n n i n g o f 1969 , i t h a s b e e n 

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

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

t h e b e a m . F r o m t h e b e g i n n i n g o f M a y , a 

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

in w h i c h t h i s v o l t a g e is r e d u c e d t o z e r o 

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

in t h e q u a l i t y o f t h e d e b u n c h e d b e a m . 

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

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

at t h e i r r e s o n a n t f r e q u e n c y (2 .24 M H z ) . 

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

q u e n c y , t h e b e a m - c a v i t y i n t e r a c t i o n r e - i n ­

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

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

q u e n c y ) . 

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

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

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

T h i s m e t h o d is b e i n g e x a m i n e d f o r t h e 

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

e d t o b e i n s t a l l e d o n t h e P S in 1972 . In 

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

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

b e g i n n i n g o.f A u g u s t . It c o n s i s t s o f t u n i n g 

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

r e d u c e d t o z e r o . T h e f i f t e e n r.f. c a v i t i e s 

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

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

in s u c h a w a y t h a t t h e i r e f f e c t s b e c o m e 

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

c a n b e s e e n o n t h e p h o t o g r a p h s . T h e 

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

is s u c h t h a t t h e y a r e a l r e a d y a p p l i e d in 

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

t e s t s a r e b e i n g c a r r i e d o u t . 

1. The top three graphs show accelerator 
operating conditions as they were until the end 
of 1968 : a) the magnetic field variation during 
the cycle, b) the fluctuation in the r.f. 
frequency (between 2.78 and 9.54 MHz) at 
constant amplitude, c) the stable phase 
variation. During the time between TA and 
BT2, the particles are subjected to the 
pre-transition phase, which has a debunching 
effect upon them. The bottom two graphs are 
recent modifications : d) the amplitude 
modulation incorporated at the beginning of 
1969, e) the tuning of r.f. cavities to different 
frequencies incorporated in August. 

2. Oscilloscope traces of the beam observed 
at the end of a cycle by a scintillator placed 
in an external beam. The top trace was taken 
prior to the improvements in August and still 
shows bunch structure in the beam. In the 
lower trace taken after the improvements, the 
bunch structure is no longer apparent. 

3. Oscilloscope traces on the same scale 
(50 mV/division) of the proton beam observed 
by a wide band detection electrode in the 
magnet ring : a) the debunched beam with 
(b) and (c) from Figure 1 applicable, b) the 
beam after r.f. amplitude modulation is applied 
c) the beam after the cavity tuning has been 
set to different frequencies. 

2 . 



Around the Laboratories 1. A view inside the 1.5 m hydrogen bubble 
chamber at the Rutherford Laboratory showing 
the perspex bag, which contains the target 
hydrogen, installed. It runs the length of the 
chamber with plane walls parallel to the chamber 
windows. 

RUTHERFORD 
Successful tests on target 
technique 
T h e n e w b u b b l e c h a m b e r t a r g e t t e c h n i q u e 

h a s b e e n s u c c e s s f u l l y a p p l i e d in t h e 

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

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

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

h y d r o g e n n e o n m i x t u r e . S u c h a s y s t e m 

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

h y d r o g e n a n d o f 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 . 

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

s p e x ' b a g ' c o n t a i n i n g h y d r o g e n r u n n i n g 

t h e l e n g t h o f t h e 1.5 m c h a m b e r w h i l s t t h e 

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

m i x t u r e . 

T h e t a r g e t b a g h a s b e e n d e v e l o p e d a n d 

c o n s t r u c t e d in t h e T r a c k C h a m b e r s D i v i ­

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

g a i n e d w i t h s i m i l a r d e v i c e s f o r t h e D E S Y 

c h a m b e r a n d t h e C E R N 1 m m o d e l . 

T h e b a g h a s p l a n e w a l l s p a r a l l e l 

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

s e e n in t h e p h o t o g r a p h . It is c o n s t r u c t e d 

o f p e r s p e x 2 m m t h i c k a n d is 30 c m h i g h 

b y 4 c m d e e p . W h e n t h e p r e s s u r e s y s t e m 

o f t h e c h a m b e r is o p e r a t e d , t h e e x p a n s i o n 

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

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

w a l l s . S i n c e t h e e x p a n s i o n n e e d e d is a b o u t 

1 % , t h e m o v e m e n t o f e a c h w a l l n e e d s t o 

b e o n l y a b o u t 0.2 m m . 

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

s e n s i t i v e , i.e. c h a r g e d p a r t i c l e t r a c k s c a n 

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

b a g . T h e b a g is d e s i g n e d s o t h a t t h e o p t i c s 

a r e r e a s o n a b l y g o o d . 

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

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

t o n s o f t h e h y d r o g e n ( o r a l s o o n n e u ­

t r o n s if t h e b a g is f i l l e d w i t h d e u t e r i u m ) . 

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

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

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

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

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

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

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

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

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

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

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

' r a d i a t i o n l e n g t h ' t h a n p u r e h y d r o g e n ( p a r ­

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

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

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

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

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

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

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

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

It is a l s o e a s i e r t o i d e n t i f y e l e c t r o n s b e ­

c a u s e o f t h e i r c h a r a c t e r i s t i c t r a c k s a s 

t h e y r a p i d l y l o o s e e n e r g y . ( I t is w o r t h 

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

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

l a r g e c h a m b e r s w h e r e , a t h i g h e n e r g i e s , 

e f f i c i e n t d e t e c t i o n o f g a m m a s w i l l b e 

e s s e n t i a l . ) 

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

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

t y p e y e t t o b e a s s e m b l e d , w o r k s w e l l a n d 

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

T h e r u n u s e d a 50 m o l a r p e r c e n t n e o n 

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

a r a d i a t i o n l e n g t h o f a b o u t 75 c m , a n d h a d 

g o o d s e n s i t i v i t y c o n d i t i o n s in b o t h l i q u i d s . 

It is p r o b a b l e t h a t h i g h e r n e o n c o n c e n t r a ­

t i o n s c o u l d b e u s e d . ( P r e v i o u s t e s t s a t 

D E S Y h a v e s h o w n t h a t , w i t h d e u t e r i u m in 

t h e t a r g e t , a 93 m o l a r p e r c e n t n e o n c o n ­

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

r a d i a t i o n l e n g t h o f a b o u t 30 c m . ) T h e r e w a s 

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

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

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

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

c l e a r e d . 

T h e w o r k h a s b e e n a c o l l a b o r a t i o n b e t ­

w e e n R u t h e r f o r d — C. F i s c h e r , P. W i l l i a m s 

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

u n d e r M . S n o w d e n — a n d C E R N — H. 

W e n n i n g e r a n d H. L e u t z ( t h e p r o p o s e r o f 

t h i s n e w t e c h n i q u e .... s e e C E R N C O U R ­

IER v o l . 7 p a g e 112) a n d F. S c h m e i s s n e r . 

T w o e x p e r i m e n t s a r e p r e p a r i n g t o u s e 

t h e s y s t e m . O n e is a s t u d y o f t h e b e t a 

d e c a y o f t h e l a m b d a w h i c h w i l l t a k e a d ­

v a n t a g e o f t h e h y d r o g e n n e o n m i x t u r e ' s 

e f f i c i e n c y in d e t e c t i n g e l e c t r o n s . A R u t h e r ­

f o r d , C E R N , U n i v e r s i t y C o l l e g e L o n d o n 

g r o u p w i l l u s e a 1035 M e V n e g a t i v e p i o n 

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

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

j t " + p - > A ° + K ° 

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

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

d e c a y o f t h e l a m b d a i n t o p r o t o n , e l e c t r o n 
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2. A photograph taken during the first test runs. 
The hydrogen and the hydrogen neon mixture 
outside the perspex bag are simultaneously 
sensitive and tracks appear in both liquids. There 
is negligible track distortion in going from inside 
to outside the target. 

(Photos Rutherford) 

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

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

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

O x f o r d g r o u p , w i l l u s e d e u t e r i u m in t h e 

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

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

J t + d - > p p J T ° 3 t ° 

at a m o m e n t u m o f a b o u t 2.3 G e V / c . In t h i s 

c a s e it is o n l y n e c e s s a r y t o m e a s u r e t h e 

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

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

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

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

a r o u n d 2 0 % . 

W h e n t h e t e c h n i c a l d e v e l o p m e n t p e r i o d 

is o v e r , it is i n t e n d e d t o o p e n t h e f a c i l i t y 

t o E u r o p e a n g r o u p s a t l a r g e a n d p e r h a p s 

a l l a p p r o p r i a t e E u r o p e a n e x p e r i m e n t s , 

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

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

R u t h e r f o r d . 

STANFORD (SLAC) 
Storage ring re-think 
S i n c e 1966, t h e S t a n f o r d L i n e a r A c c e l e r ­

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

3 G e V e l e c t r o n - p o s i t r o n s t o r a g e r i n g ( s e e 

C E R N C O U R I E R v o l . 8, p a g e 288) o n t h e 

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

m o n e y . In v i e w o f t h e f a c t t h a t D E S Y 

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

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

w o u l d p r o b a b l y b e in o p e r a t i o n s o o n e r , t h e 

S L A C t e a m b e g a n a m a j o r r e - t h i n k o f t h e i r 

p r o p o s a l in J a n u a r y o f t h i s y e a r . 

T h e a i m h a s b e e n t o c u t t h e c o s t s e v e ­

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

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

c l i m b h i g h e r l a t e r ) w h i l e s t i l l r e t a i n i n g 

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

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

w a r d a n e w p r o p o s a l c a l l e d S P E A R ( S t a n ­

f o r d P o s i t r o n - E l e c t r o n A s y m m e t r i c R i n g s ) . 

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

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

r i n g s ( e a c h s l i g h t l y p e a r - s h a p e d ) i n t e r s e c t ­

i n g h o r i z o n t a l l y a t a n a n g l e o f 1 0 . 5 ° a s 

s h o w n in t h e d i a g r a m . 

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

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

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

r i n g s s u c h a s A D O N E w h e r e c o n s i d e r a b l e 

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

b o t h b e a m s a t o n c e in o n e r i n g . S e p a r a t ­

i n g t h e r i n g s s i m p l i f i e s i n j e c t i o n ( n o t r o u ­

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

t h e o t h e r b e a m a s it is i n j e c t e d ) a n d t h e 

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

m o n i t o r e d a n d c o n t r o l l e d s e p a r a t e l y ) . A t 

t h e s a m e t i m e , s e p a r a t i n g t h e r i n g s d i d 

n o t p u s h t h e c o s t u p . T h e l a r g e h o r i z o n t a l 

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

d o e s n o t require t h e c o m p l e x q u a d r u p o l e 

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

c r o s s i n g d e s i g n a n d is a b e n e f i t ( g i v i n g 

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

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

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

S o m e m a i n d e s i g n p a r a m e t e r s f o r S t a g e 

1 a r e : P e a k e n e r g y o f e a c h b e a m 2 G e V ; 

i n t e n s i t y a t p e a k e n e r g y 0.5 A ; l u m i n o s i t y 

a t p e a k e n e r g y 1 0 3 2 c m - 2 s _ 1 . A t 2 G e V t h e 

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

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

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

b a r y o n r e s o n a n c e s . If t h e p h y s i c s p r o v e s 

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

e d t a k i n g t h e p e a k e n e r g y t o 3 G e V w i t h 

a b e a m i n t e n s i t y o f 1 A p e r b e a m a n d a 

l u m i n o s i t y o f 3 x 1 0 3 2 c m - 2 s _ 1 . 



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

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

t i o n e d a t t h e o u t p u t e n d o f t h e 2 0 G e V 

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

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

u p t o 3 G e V . O n e r.f. s t a t i o n p e r r i n g w i l l 

i n i t i a l l y s u p p l y 60 k W t o c o m b a t e n e r g y 

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

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

n i u m a n d w i l l p r o b a b l y b e p u m p e d b y i o n 

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

in m o d u l e s a l o n g a 3 0 f t g i r d e r b e f o r e 

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

c o n n e c t i o n s o f p o w e r e t c . w i l l b e s i m p l e . 

T h e C o n g r e s s i o n a l J o i n t C o m m i t t e e o n 

A t o m i c E n e r g y a n d t h e A t o m i c E n e r g y 

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

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

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

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

S t a g e 1 h a s c o m e d o w n t o $ 9 m i l l i o n , 

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

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

w i l l b e a v a i l a b l e f r o m J u l y 1970 s o t h a t t h e 

r i n g s c o u l d b e in o p e r a t i o n a t 2 G e V b y 

m i d - 1 9 7 2 . 

BERKELEY 
HAPPE project 
P l a n s a r e c o m p l e t e f o r t h e f i r s t f l i g h t o f a 

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

d o l a ( S S C M ) . T h e p r o j e c t h a s e m e r g e d 

f r o m A l v a r e z ' s H i g h - A l t i t u d e P a r t i c l e P h y ­

s i c s E x p e r i m e n t s ( H A P P E ) g r o u p a t t h e 

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

r e n c e R a d i a t i o n L a b o r a t o r y o f t h e U n i v e r ­

s i t y o f C a l i f o r n i a in B e r k e l e y . T h e e q u i p ­

m e n t , w h i c h is n o w in t h e f i n a l s t a g e s o f 

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

t o a b o u t 120 0 0 0 f t b y a 20 0 0 0 0 0 0 f t 3 

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

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

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

a n d c o m p o s i t i o n in t h e r e g i o n f r o m 10 t o 

100 G e V p e r n u c l é o n . 

T h e h e a r t o f t h e g o n d o l a is t h e s u p e r ­

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

' s m a l l ' , e x c e p t in c o m p a r i s o n t o i t s b i g 

b r o t h e r , t h e e n o r m o u s 4 500 lb s u p e r c o n ­

d u c t i n g m a g n e t , 1 m in d i a m e t e r b y 2 m 

l o n g , t h a t h a s a l s o b e e n c o m p l e t e d ,by t h e 

g r o u p . T h e s m a l l m a g n e t is e x p e c t e d n o t 

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

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

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

n e t . 

T h e S S C M g o n d o l a is e s s e n t i a l l y a c o s ­

m i c r a y s p e c t r o m e t e r . T w o o p t i c a l s p a r k 

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

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

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

in t h e m a g n e t i c f i e l d a n d i ts e x i t t r a j e c t o r y 

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

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

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

m e n t u m / c h a r g e Z ) , a n d t h e Z 2 o f t h e p a r ­

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

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

F i r s t e x p e r i m e n t s w i t h t h e S S C M g o n ­

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

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

c h a r g e Z o f 3 o r a b o v e . H i g h r e s o l u t i o n 

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

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

w i l l a l s o b e m a d e . 

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

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

f o r m u l a t e d b y T . G o l d o f C o r n e l l U n i v e r s i t y , 

h a v e g r e a t l y a c c e n t u a t e d t h e n e e d f o r 

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

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

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

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

Layout of the two rings in SPEAR, the new 
electron-positron storage rings proposal at the 
Stanford Linear Accelerator Centre. The crossed 
rectangles represent bending magnets; the solid 
squares quadrupoles; RF the radio-frequency 
accelerating cavities; K kicker magnets; S septum 
magnets; D detectors; the solid circles vacuum 
pumps. 

t h e o r e t i c a l l y p r e d i c t e d c o u l d g i v e i m p o r ­

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

a r e t h e m a j o r s o u r c e o f c o s m i c r a y s . 

Observing particle interactions 

T h e S S C M m a y b e r e g a r d e d a s a b e a m 

s u r v e y u s i n g h i g h - e n e r g y p r o t o n s in t h e 

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

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

p a r t i c l e s . O n c e t h e # f i r s t f l i g h t s h a v e b e e n 

s u c c e s s f u l l y a c c o m p l i s h e d , t h e H A P P E 

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

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

b e t w e e n 100 a n d 1 0 0 0 G e V i n c i d e n t 

e n e r g y . 

In o r d e r t o m e a s u r e t h e s e v e r y h i g h 

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

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

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

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

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

t e l y 100 t i m e s b e t t e r t h a n t h e b e s t o p t i c a l 

s p a r k c h a m b e r s a n d w h e n t h i s is u s e d 

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

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

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

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

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

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

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

t r a c k s . T h e s e t e c h n i q u e s w i l l m a k e i t 

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

r e g i o n b e y o n d 1 0 0 0 G e V . 

A c t i v e d e v e l o p m e n t is a l s o p r o c e e d i n g 

o n a t h i n h i g h - r e s o l u t i o n l i q u i d G e i g e r 

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

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

e l e c t r o n m o b i l i t i e s in l i q u i d a r g o n a r e 

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

t o f o l l o w a p a r t i c l e t r a c k , e x a c t l y a s t h e y 

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

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

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

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

h i g h t r a n s v e r s e r e s o l u t i o n . It is h o p e d t h a t 

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

t o r w i r e s p a c i n g s in t h e r e g i o n o f 5 0 m i ­

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

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

t a b l e f o r o p e r a t i o n in m a g n e t f i e l d s . 

Spark chambers and charge 

determination system 

A p a r t i c l e w i t h i n c i d e n t r i g i d i t y o f 100 G e V 

w i l l b e d e f l e c t e d o n l y a b o u t 2.5 m i l l i r a d i a n s 
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A cross-section of the cosmic ray spectrometer 
(SSCM) which will take its first balloon flight 
in October. The superconducting magnet is 
indicated with its helium supply Dewar. Optical 
spark chambers positioned above and below the 
magnet will record the particle trajectory which 
will be bent in the magnetic field. 

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

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

b e r s is u s e d . F o r S S C M , s p a r k c h a m b e r 

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

n i u m f o i l t o l a r g e t h i n s h e e t s o f S t y r o f o a m . 

T h e p l a t e s a r e a s s e m b l e d b e t w e e n 1 c m 

t h i c k o p t i c a l g l a s s w i n d o w s , t h e a s s e m ­

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

T h e i n c i d e n t t r a j e c t o r y is t h e n d e t e r m i n e d 

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

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

t h e e x i t d i r e c t i o n is d e t e r m i n e d b y e i g h t 

s p a r k s . S p a r k a v e r a g i n g t h e n d e t e r m i n e s 

t h e a n g u l a r d e f l e c t i o n t o w i t h i n a b o u t 2 m r . 

In o r d e r t o d e t e r m i n e t h e m o m e n t u m 

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

c h a r g e m u s t b e m e a s u r e d . T h i s c a n 

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

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

s q u a r e o f t h e p a r t i c l e c h a r g e . U n f o r t u n a ­

t e l y , f o r h i g h l i g h t l e v e l s ( s u c h a s w o u l d b e 

p r o d u c e d b y p a r t i c l e s w i t h c h a r g e o f 2 0 o r 

a b o v e ) c o n v e n t i o n a l p l a s t i c s c i n t i l l a t o r s 

s a t u r a t e . C s l ( N a ) is a s c i n t i l l a t o r w h o s e 

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

v e n t i o n a l p l a s t i c s c i n t i l l a t o r , a n d it is u s e d 

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

D e v e l o p m e n t is in p r o g r e s s o n a n o n -

s a t u r a t i n g C h e r e n k o v c o u n t e r . L i g h t r e s u l t ­

i n g f r o m t h e C h e r e n k o v e f f e c t o u g h t t o b e 

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

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

t i o n a l t o Z 2 e v e n f o r v e r y h i g h Z , b u t t h e r e 

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

p r o p e r t y o f t h e C h e r e n k o v l i g h t . T o c i r ­

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

r a d i a t o r is d o p e d w i t h a w a v e s h i f t e r , 

w h i c h s h o u l d i s o t r o p i z e t h e l i g h t a s w e l l 

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

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

a t t h e B e v a t r o n in a j o i n t e f f o r t w i t h p h y s i ­

c i s t s f r o m t h e M a n n e d S p a c e c r a f t C e n t e r . 

F i v e c h a n n e l s o f ' d o w n - l i n k ' t e l e m e t r y 

i n f o r m a t i o n a n d 3 2 ' u p - l i n k ' c o m m a n d s a r e 

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

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

m i n e t h e d a t a d u r i n g t h e f l i g h t a n d , if 

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

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

The superconducting magnets 

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

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

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

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

a t t e n t i o n h a s t o b e p a i d t o t h e ' w e i g h t 

b u d g e t ' . 

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

a s i n g l e - c o i l d e s i g n , w o u n d w i t h 13 0 0 0 

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

w i r e . T h e m a i n p a r a m e t e r s a r e : 

C o n f i g u r a t i o n : S i n g l e c o i l w i t h a c c e s s 

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

C o i l d i m e n s i o n s : 2 4 i n c h , o u t s i d e d i a m e ­

t e r b y 12 i n c h i n s i d e d i a m e t e r b y 2.5 i n c h 

t h i c k . 

M a x i m u m f i e l d in b o r e : 41 k G . 

C u r r e n t d e n s i t y : 2 .4 x 1 0 4 A / c m 2 . 

C o n d u c t o r : 0.73 m m N b - T i s t r a n d c l a d 

w i t h 0 .19 m m t h i c k C u ; 2 1 0 l b . 

M a x i m u m c u r r e n t : 110 A . 

W e i g h t o f c o i l a n d D e w a r a s s e m b l y : 

3 5 0 l b . 

T h e m a g n e t h a s b e e n t e s t e d t o i t s f l i g h t 

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

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

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

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

T h e l a r g e H A P P E m a g n e t is a v e r y d i f ­

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

e a c h o f a c o m p l e x s a d d l e s h a p e ; it g i v e s 

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

v e r y l a r g e a c c e p t a n c e b o r e . I ts w e i g h t , 

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

M y l a r b a l l o o n s , w h i c h a r e c o n s i d e r a b l y 

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

T h e m a i n p a r a m e t e r s a r e : 

C o n f i g u r a t i o n : S a d d l e - s h a p e d s p l i t c o i l s 

w i t h 1 m d i a m e t e r c l e a r a c c e s s . 

C e n t r a l f i e l d : 9.7 k G . 

C o n d u c t o r : 19 s t r a n d c a b l e w i t h t h r e e 

0.51 m m d i a m e t e r s t r a n d s o f N b - T i . 

C u r r e n t : 8 0 0 A . 

W e i g h t o f c o i l s a n d D e w a r : 4 5 0 0 l b . 

Flight operations 

U n d e r t h e p r e s e n t s c h e d u l e t h e f i r s t 

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

m a g n e t a n d g o n d o l a w i l l s t a r t i n O c t o b e r . 

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

c h e d f r o m t h e H i g h A l t i t u d e P a r t i c l e P h y ­

s i c s E x p e r i m e n t a l F a c u l t y a t C h i c o , C a l i ­

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

120 0 0 0 f e e t , w h e r e a b o u t 4 g / c m 2 o f r e s i ­

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

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

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

t a l U n i t e d S t a t e s f o r a t o t a l f l i g h t d u r a t i o n 

o f a b o u t 20 h o u r s . D u r i n g t h i s t i m e a t e l e ­

m e t r y r e c e i v i n g a i r c r a f t w i l l t r a c k t h e b a l ­

l o o n . T e l e m e t r y d e c o d i n g e q u i p m e n t 

a b o a r d t h e a i r c r a f t w i l l p r o v i d e a ' q u i c k 

l o o k ' a t t h e p h y s i c s d a t a a n d t h e e q u i p ­

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

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

a p p r o x i m a t e l y 4 0 0 0 0 f e e t a n d t h e g o n d o l a 

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

is o v e r a d e s i r a b l e r e c o v e r y l o c a t i o n . 

T h e s h o r t e x p o s u r e t i m e a v a i l a b l e w i t h 

b a l l o o n - b o r n e i n s t r u m e n t s is a r a t h e r 

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

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

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

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

s a t e l l i t e p r o g r a m m e s . T h e N A S A A p o l l o 

A p p l i c a t i o n s P r o g r a m w i l l b e c a p a b l e o f 

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

a v a i l a b l e f o r r e p a i r a n d s e r v i c i n g , a n d 

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

p l y s c h e d u l e . S u c h a s p a c e - s t a t i o n f a c i l i t y 

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

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

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

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

r a y s . 
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Professor Bogolyubov 
60 t h birthday 
T h e d i s t i n g u i s h e d S o v i e t t h e o r e t i c a l p h y s i ­

c i s t N i c o l a j N i c o l a e v i c h B o g o l y u b o v c e l e ­

b r a t e d h i s s i x t i e t h b i r t h d a y o n 21 A u g u s t . 

F o r t h e p a s t f o r t y s i x y e a r s ( h i s f i r s t w o r k 

w a s a t t h e a g e o f 14 !) , h e h a s d e v o t e d 

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

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

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

B o g o l y u b o v w a s b o r n i n 1909 in N i z h n i j -

N o v g o r o d ( n o w G o r k i j ) . In 1923 , h e j o i n e d 

a s e m i n a r u n d e r N . M . K r y l o v a n d b y 1924 

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

y e a r l a t e r , h e s t a r t e d h i s p o s t - g r a d u a t e 

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

P h y s i c s o f t h e U k r a i n i a n A c a d e m y o f 

S c i e n c e . In 1928 , h e s u b m i t t e d h i s t h e s i s 

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

U k r a i n i a n A c a d e m y . In 1930 , t h e P r e s i d i u m 

o f t h e U S S R A c a d e m y o f S c i e n c e c o n f e r ­

r e d o n h i m t h e d e g r e e o f D o c t o r o f M a t h e ­

m a t i c s . 

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

n o t o n l y in s c i e n t i f i c r e s e a r c h , w h i c h h e 

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

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

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

D e p a r t m e n t o f M a t h e m a t i c a l P h y s i c s a t 

K i e v S t a t e U n i v e r s i t y ( 1936 -1950 ) , P r o f e s s o r 

a t M o s c o w S t a t e U n i v e r s i t y ( 1943 -1950 ) , 

D e a n o f t h e M e c h a n i c a l M a t h e m a t i c s F a ­

c u l t y a t K i e v U n i v e r s i t y ( 1946 -1949 ) . S t a r t ­

i n g in 1949, h e d i r e c t e d t h e D e p a r t m e n t 

o f T h e o r e t i c a l P h y s i c s a t t h e M a t h e m a t i c a l 

I n s t i t u t e o f t h e U S S R A c a d e m y o f S c i e n c e ; 

h e t h e n (1953) d i r e c t e d t h e D e p a r t m e n t o f 

T h e o r e t i c a l P h y s i c s a t t h e U n i v e r s i t y o f 

M o s c o w , a n d w a s D i r e c t o r o f t h e I n s t i t u t e 

o f T h e o r e t i c a l P h y s i c s ( f r o m 1967) . 

In 1939 , B o g o l y u b o v w a s e l e c t e d c o r ­

r e s p o n d i n g M e m b e r o f t h e U k r a i n i a n A c a ­

d e m y o f S c i e n c e , b e c o m i n g a n ' E f f e c t i v e 

M e m b e r ' i n 1948 . In 1947 , h e w a s e l e c t e d 

C o r r e s p o n d i n g M e m b e r o f t h e U S S R A c a ­

d e m y o f S c i e n c e , a n d b e c a m e a F u l l M e m ­

b e r in 1953 . In 1956 , h e w a s a p p o i n t e d 

D i r e c t o r o f t h e L a b o r a t o r y o f T h e o r e t i c a l 

P h y s i c s a t t h e J o i n t I n s t i t u t e f o r N u c l e a r 

R e s e a r c h , D u b n a , a n d w a s a p p o i n t e d 

D i r e c t o r o f D u b n a in 1964 . 

B o g o l y u b o v ' s s c i e n t i f i c w o r k h a s c o v e r ­

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

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

( w i t h N . M . K r y l o v , i n 1932) o f t h e t h e o r y o f 

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

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

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

t i c a l t h e o r y o f i r r e v e r s i b l e p r o c e s s e s . 

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

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

B o g o l y u b o v p r o p o s e d m e t h o d s u s i n g d i s ­

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

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

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

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

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

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

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

m e c h a n i c s . T h e s o l u t i o n o f k i n e t i c e q u a ­

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

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

n i c s . 

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

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

t i s m . H e s t u d i e d t h e p r o b l e m o f t h e d e g e ­

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

t h a t a w e a k l y n o n - i d e a l B o s e g a s m a y 

e x i s t in a d e g e n e r a t e s t a t e , i n w h i c h c a s e 

it w i l l b e s u p e r f l u i d , w h e r e a s a n i d e a l g a s 

d o e s n o t p o s s e s s t h i s p r o p e r t y . In t h i s 

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

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

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

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

H e s h o w e d t h a t t h e s a m e t y p e o f e x c i t a ­

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

w h e r e a d e c i s i v e p a r t is p l a y e d b y t h e 

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

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

t i c a l d i f f i c u l t i e s , B o g o l y u b o v w a s a b l e t o 

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

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

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

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

D u r i n g t h e 1 9 5 0 ' s , B o g o l y u b o v p r o d u c e d 

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

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

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

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

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

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

o f c a u s a l i t y . B o g o l y u b o v ' s n e w f o r m u l a t i o n 

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

m o n o g r a p h ' I n t r o d u c t i o n t o t h e t h e o r y o f 

q u a n t i z e d f i e l d s ' . A m a j o r l a n d m a r k in t h e 

d e v e l o p m e n t o f m o d e r n t h e o r y w a s B o g o ­

l y u b o v ' s w o r k o n d i s p e r s i o n r e l a t i o n s , 

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

p h y s i c s . 

T h e w i d e r a n g e o f B o g o l y u b o v ' s r e s e a r c h , 

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

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

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

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

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

p h y s i c i s t s . P u p i l s o f B o g o l y u b o v a r e c a r ­

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

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

M e m b e r o f t h e A c a d e m y o f S c i e n c e o f 

B u l g a r i a , t h e G e r m a n D e m o c r a t i c R e p u ­

b l i c , P o l a n d a n d t h e U S A , a n d D o c t o r o f 

S c i e n c e ' H o n o r i s C a u s a ' a t a n u m b e r o f 

U n i v e r s i t i e s . 
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FIG. 2 
POLLY E (DISPLAY MODE) 

Diagrams of the optical paths in POLLY, the 
automatic system for measuring bubble chamber 
film at Argonne. Figure 1 shows the optical path 
when the system is used in the measuring mode. 
Figure 2 shows how, by a series of shutters and 
a rotating mirror, the film under examination is 
observed on a screen by the operator. 

The photograph is of the actual hardware of 
POLLY with the lid off. 

(Photo Argonne) 

ARGONNE 
POLLY puts its mettle on 
T h e a u t o m a t i c b u b b l e c h a m b e r f i l m p r o ­

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

k n o w n a s P O L L Y , is n o w in f u l l f l i g h t i n i t s 

p r o d u c t i o n v e r s i o n . 

E a r l y in 1966 , t h e A r g o n n e b u b b l e c h a m ­

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

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

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

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

b e n e f i t e d f r o m t h e e x p e r i e n c e o f o t h e r 

s y s t e m s , s u c h a s P E P R a n d t h e S p i r a l 

R e a d e r a t B e r k e l e y a n d t h e H P D a t C E R N , 

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

' i n t e r a c t i v e ' s y s t e m — o n e w h i c h w o u l d 

a l l o w e x t e n s i v e , e f f i c i e n t c o m m u n i c a t i o n 

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

t h e s y s t e m a n d t h e o p e r a t o r . 

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

s y s t e m s n o w in u s e i n v o l v e a m a j o r e f f o r t 

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

t o t e l l t h e s y s t e m w h e r e t o l o o k . P O L L Y , 

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

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

a t t h e r a t e o f a b o u t 100 e v e n t s a n h o u r , 

w i t h t h e h e l p o f a n o p e r a t o r ' o n - l i n e ' . 

T h e d i g i t i z e d o u t p u t f r o m t h e m a c h i n e is 

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

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

i n t e r m e d i a t e f i l t e r i n g . ( I t a l s o d e a l s w i t h 

p r e - s c a n n e d f i l m ) . 

P O L L Y is a C R T f l y i n g s p o t d i g i t i z e r 

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

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

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

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

m a c h i n e is o n - l i n e t o a n S D S S i g m a 7 

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

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

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

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

h a s t w o s c r e e n s t o o b s e r v e — o n e g i v i n g 

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

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

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

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

o f a t r a c k b a l l , a n o r i e n t a t i o n w h e e l a n d 

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

f e e d in a d e c i s i o n in c a s e s o f d o u b t , t o 

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

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

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

e d a u t o m a t i c a l l y , w h i l e t h e o p e r a t o r is 

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

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

t h e m a c h i n e is in d o u b t . D u r i n g t h e s c a n n ­

i n g p r o c e d u r e , p a r t i c u l a r c a r e is t a k e n t o 

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

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

i n g v a l i d e v e n t s . C o m p a r i s o n s w i t h ' h a n d 

s c a n n e d ' f i l m s h o w t h a t a n e v e n t l o s s o f 

a b o u t 5 % d o e s o c c u r . A b o u t h a l f o f t h i s 

is d u e t o t h e m a c h i n e ' s i n a b i l i t y t o f i n d 

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

e y e a n d c a u s e s n o p h y s i c a l b i a s . T h e 

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

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

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

P O L L Y I, b e g a n t o c o m e t o g e t h e r in 1966 

a n d b y M a r c h 1967 t h e m a c h i n e w a s f e d 

w i t h f i l m f o r t h e f i r s t t i m e . A y e a r l a t e r , 

P O L L Y I w a s in f u l l - s c a l e u s e a n d c o n ­

s t r u c t i o n o f , t h e p r o d u c t i o n v e r s i o n , P O L L Y 

I I , w a s a l r e a d y w e l l a d v a n c e d . L a t e in 

1968 , t h i s b e c a m e o p e r a t i o n a l a n d P O L L Y 

I h a s r e t i r e d . 

P O L L Y II is n o w d e a l i n g w i t h f i l m f r o m 

t h e A r g o n n e 3 0 i n c h h y d r o g e n b u b b l e 

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

t o n s o f m o m e n t u m 2-3 G e V / c . It is b e i n g 

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

e v e n t s g i v i n g 2, 4 , 6, o r 8 p r o n g s ( e m e r g ­

i n g c h a r g e d p a r t i c l e s ) . It is a l s o b e i n g 

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

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

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

i n t e r a c t i o n v e r t e x in o n e v i e w . T h e e v e n t s 

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

i n v o l v i n g n e g a t i v e k a o n s o f m o m e n t u m 

5.5 G e V / c o n d e u t e r i u m . T h e y h a v e o n e o r 

t h r e e p r o n g s a n d a V - z e r o ( t w o c h a r g e d 

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

o r a s h o r t s p e c t a t o r t r a c k m a y b e p r e s e n t . 

W h e r e a s t h e p r o d u c t i o n v e r t e x is h a n d l e d 

a u t o m a t i c a l l y b y P O L L Y o n a l l m e a s u r e d 

v i e w s , t h e o p e r a t o r is r e q u i r e d t o i n d i c a t e 

t h e V - z e r o v e r t e x . T h e s e e v e n t s a r e b e i n g 

p r o c e s s e d a t t h e r a t e o f a b o u t 75 a n h o u r , 

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

c o m p l e x t y p e o f e v e n t . 

D u r i n g 1969 , P O C L Y h a s m e a s u r e d o v e r 

100 0 0 0 e v e n t s a n d a b o u t 65 0 0 0 o f t h e m 

h a v e b e e n u s i n g t h e s y s t e m in t h e s c a n -

a n d - m e a s u r e m o d e . T h e p r o g r a m h a s b e e n 

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

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

s c a n - a n d - m e a s u r e h a v e b e e n a b o u t 8 8 0 0 

e v e n t s p e r w e e k o f 91 h o u r s o f o p e r a t i o n . 

O 
LU 

< 

Metallic Flexible Pipe Assemblies. Metal Seals. 
Braided and Sealed Bellows. Duct Joints. 
«V» Flange Couplings. Thin Gauge Tubing. 
Miniature Indicator Lamps, and Switches. 
Miniature Valves — Control Valves. 

Consult — Sàntisstrasse 6 

AIRTECHNIK AG Tel. 051 837471 
8153 Rùmlang ZH Telex 55204 Airco 

See us at the British Exhibition in the Main Hall at CERN 
from November 3rd. to 7th. 1969. 
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électronique 
rapide 
en standard 

7000 

7000 Power supply create 
7007 Gate-Delay Generator 
7008 Stretcher 
7009 Triple 2-fold mixer 
7010 Triple 2-fold fanout 
7011 Discriminator 
7012 Single channel analyzer 
7013 Fast no dead time discriminator 
7014 Gate generator 
7015 Time-to- amplitude converter 
7016 Dual amplifier 
7018 Dual discriminator 
7019 Dual 2-fold coincidence veto 
7023 4-fold mixer 
7024 Octal linear gate 
7020 4-fold coincidence veto 

nanosecond 
electronics 

standard 
Delay 7021 

4-fold fanout 7022 
Shaper, cable timed 7027 

5-fold coincidence 7028 
DC linear gate 7029 

Pattern unit 7030 
Fast linear gate 7033 

Other modules: 
Fast preamplifiers 

Converters: 
Time to height pulse 

Time to duration 
Duration to amplitude 

Time to digit 
Analogue to digital 

S O C I E T E D ' A P P L I C A T I O N S I N D U S T R I E L L E S DE LA P H Y S I Q U E 
38, rue Gabriel Crié, 92, Malakoff, France, téléphone 253 87 20 +, adresse télégraphique : Saiphy Malakoff 
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New solutions for old problems. 
(A JLI presentation) 

PARTICLE MULTIPLIER 

PULSE AMPLIFIER DISCRIMINATOR 

H . V. POWER SUPPLY 

Spectrometry Components 
Particle multiplier (patented)— fo r pu lse c o u n t i n g o r 

c u r r e n t m e a s u r e m e n t of e l ec t r ons , ions , U V o r x - ray 

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

H i g h g a i n , g a i n a d j u s t a b l e , s tab le , g u a r a n t e e d 

reac t i va teab le , n o n - m a g n e t i c , no ion f e e d b a c k , vo l t age 

c o n t r o l l e d , i n teg ra l res i s to r c h a i n , s m a l l , l i gh t , r u g g e d , 

b a k e a b l e , r epa i r ab l e . Op t i ona l m o d i f i c a t i o n s . 

Circle 52 

Pulse amplifier discriminator— for use w i t h p h o t o m u l t i -

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

a n d f a s t c o u n t i n g s y s t e m s . Cha rge sens i t i ve ; r i s e t i m e : 

3 nsec , o u t p u t : 4 V (50Œ), m i n i a t u r i z e d , r u g g e d . 

Circle 53 

High voltage power supply—ul t ra low no ise f o r o p e r a t i n g 

p h o t o m u l t i p l i e r s , e l e c t r o n m u l t i p l i e r s , p ropo r t i ona l 

c o u n t e r s , a n d i on i za t i on c h a m b e r s . S m a l l , l i gh t , 5 0 0 -

6 , 1 0 0 VDC range , r eve r s i b l e po la r i t y , h i g h l y f i l t e red , , 

no ise : < 3 0 0 nv R M S , so l id s t a te . 

Circle 54 

Radioactive Gas Monitors 
T h e t h r e e T r i t o n s m o n i t o r g a m m a 

r a d i a t i o n , t r i t i u m a n d be ta rad iogases 

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

e l ec t r os ta t i c p rec i p i t a t o r s , g a m m a 

c o m p e n s a t i o n , pos i t i ve d i s p l a c e m e n t 

p u m p s , a n d t r i t i u m c a l i b r a t i o n . 

1 0 5 5 Tr i ton—por tab le , ba t t e r y -ope r ­

a t e d , sens i t i v i t y : 5 0 A t c / M 3 f u l l sca le . 

Circle 55 

7 5 5 C Tr i ton—su i tab le f o r r ack m o u n t ­

i n g , sens i t i v i t y : 1 0 0 mc/M3 f u l l sca le . 

Circle 56 

9 5 5 Tr i ton—except iona l sens i t i v i t y : 

10 / a c / M 3 f u l l sca le . 

Circle 57 

Tri t ium calibrator— for low-cost 

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

I n te rna l c a l i b r a t i o n , a c c u r a t e , 

r a p i d , r e p r o d u c i b l e . 

Circle 58 

Remote a la rm—aud ib le a n d v i sua l 

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

Circle 59 

Age Dating and Tracer Analysis 
Beta-Logic analyzer—a m u l t i c h a n n e l . 

gas c o u n t i n g s y s t e m f o r u l t r a - sens i t i ve , 

low b a c k g r o u n d , s i m u l t a n e o u s ana lys i s 

of c a r b o n - 1 4 , t r i t i u m , r a d o n , a n d be ta , 

rad iogases by t h e i n te rna l gas c o u n t i n g 

m e t h o d . Des igned to s u p p l e m e n t 

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

E f f i c i ency : 8 0 % , r e p r o d u c i b i l i t y : 0 . 1 % , 

a n t i c o i n c i d e n c e / c o i n c i d e n c e c i r c u i t r y , 

G e i g e r o r p r o p o r t i o n a l o p e r a t i o n . 

Circle 60 

Wri te Dept. 206 B 

Please: • p h o n e • v i s i t • s e n d i n f o r m a t i o n . 

C i rc le numbers here 52 53 

54 55 56 57 58 59 60 61 

N a m e 

T i t l e . D e p t . . 

O r g a n i z a t i o n , 

Add ress 
s t ree t 

Phone 
c i t y 

s ta te z i p c o d e 

Johnston Laboratories,Inc. 
3 I n d u s t r y Lane, Cockeysv i l l e , M d . 2 1 0 3 0 

Radon System 
T h i s s y s t e m is f o r low- level ana lys i s 

o f r adon in s a m p l e s f r o m a i r , h u m a n 

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

e f f l u e n t gases . Low b a c k g r o u n d : 

< 0 .1 c p m , h i g h e f f i c i e n c y : 5 c p m / p C i 

r a d o n , h i g h sens i t i v i t y : 1 0 - 1 6 c u r i e s / L . 

Circle 61 

RADON COUNTER 

RADON ANALYZER 

J o h n s t o n Labo ra to r i es , Inc . , 

3 I n d u s t r y Lane, Cockeysv i l l e , M d . 2 1 0 3 0 

S w i s s A g e n t s : H I G H E N E R G Y A N D N U C L E A R E Q U I P M E N T S.A. 
2 , C H E M I N D E T A V E R N A Y G R A N D - S A C O N N E X 
1218 G E N E V A T e l . (022) 3 4 1 7 0 7 / 3 4 1 7 0 5 . 
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C A M A C 
Scalers, Controllers and Display 

• 
§3 
ml 

Scalers 
9003 M i c r o s c a l e r 
Four 16 bit 2 5 M H z scalers 
Can be connected as t w o 32 
bit scalers 

9008 M i n i s c a l e r 
T w o 16 bit 3 0 M H z scalers, 
w i t h indicat ion of over f low 
and least s igni f icant bits 

7070 C o u n t i n g Reg is ter 
Single 24 bi t 15Hz scaler 

~i 7039 Preset C o u n t i n g 
Register 
Preset c o u n t d o w n 16 bit 
1 0 M H z scaler 

un 

M i c r o s c a l e r 9 0 0 3 

Controllers 

I3HHI 
3 3 , > J O J Jt J 3 > > J i i 

H * * » % 

M a n u a l D a t a w a y C o n t r o l l e r 7 0 2 4 

7024 M a n u a l D a t a w a y 
C o n t r o l l e r 
Enables modules to be tested 
and systems to be evaluated 

7022 D a t a w a y C o n t r o l l e r 
Control ler for Honeywel l DDP 
514 and 416 computers 

7048 D a t a C o n t r o l l e r 
Control ler for PDP8 computer 

7025 D a t a w a y C o n t r o l l e r 
Programmed control ler for 
non-compute r contro l led system 

Display 
7011 D isp lay Dr ive r 
Designed to contro l osci l loscope 
display 

9006 D isp lay C o n t r o l l e r 
Decimal display system 
incorporat ing binary to BCD 
convers ion 

9007 D e c i m a l D isp lay 
Display for scalers addressed by 
9006 

D i s p l a y D r i v e r 7 0 1 1 

C A M A C the new modular data handling system for 
computer-aided measurement and control is being rapidly 
expanded. It conforms wi th ESONE Standard EUR 4100, 
can operate wi th all computers and is compatible wi th NIMS 
modules such as the Nuclear Enterprises International Series. 
Full details of the units listed above and complete range 
are available on request. (Bulletin No. 44) 

B a t h R o a 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 : 0 7 - 3 5 2 1 2 1 2 1 C a b l e s : D e v i s o t o p e , W o o l h a m p t o n T e l e x : 8 4 4 7 5 
S i g h t h i l l , E d i n b u r g h 1 1 , S c o t l a n d T e l e p h o n e : 0 3 1 - 4 4 3 4 0 6 0 C a b l e s : N u c l e a r , E d i n b u r g h T e l e x : 7 2 3 3 3 

G e r m a n y : N u c l e a r En te rp r i ses G m b H , Per fa l l s t r . 4 , 8 M u n i c h 8 0 . T e l e p h o n e : 4 4 - 3 7 - 3 5 T e l e x : 5 2 9 9 3 8 
U . S . A . ( W e s t ) : N u c l e a r En te rp r i ses Inc . , 9 3 5 T e r m i n a l W a y , S a n C a r l o s , C a l i f o r n i a 9 4 t ) 7 0 . T e l e p h o n e 41 5 - 5 9 3 - 1 4 5 5 
U . S . A . ( E a s t ) : C a p i n t e c I nc . , 6 3 East S a n d f o r d B l v d . , M t . V e r n o n , N.Y. 1 0 5 5 0 . T e l e p h o n e ( 9 1 4 ) 6 6 4 - 6 6 0 0 

S w i s s A g e n t s : HIGH ENERGY AND NUCLEAR EQUIPMENT S.A. 
— 2, c h e m i n d e T a v e r n a y - G R A N D - S A C O N N E X - 1218 GENEVA - T é l . (022) 3 4 17 0 7 / 3 4 17 05 

^ q ^ H p p ^ ^ 1 9 6 6 

N U C L E A R 
E N T E R P R I S E S 

L I M I T E D 
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Edwards new E180 
h i g h r e s o l u t i o n p a r t i a l p r e s s u r e g a u g e 

with 
1 Partial pressure measurement 
2 Total pressure measurement 
3 Leak detection 
4 System monitoring 

— all in one inexpensive instrument 

• * # • * 

Compare these features w i t h those of any other 
similar mass spectrometer partial pressure gauge 

Mass range 1 to 105. Push-but ton 
selection of masses 1 , 2, 3 and 4. 
Direct reading, linear mass scale. 
Uni t mass separation to mass 70. 
Partial pressure measurement to 
1 0 - 1 0 torr. 
Total pressure measurement to 
1 0 - 1 1 torr. 
Fast and s low scanning speeds. 
Suppression faci l i ty for moni tor ing 
single peaks in detai l . 

• M i n i m u m detectable leak rate for 
hel ium 1 0 - 1 0 torr l i tre/sec (sys­
tem w i t h 1 l i tre/sec hel ium p u m p ­
ing speed). 

• Magnet and head bakable in si tu. 

• Automat ica l ly protected, long- l i fe 
rhenium f i laments. 

What about your system? The chances are that the El 80 can increase its efficient 
use enormously. Ring extension 311, and we'll tell you how. Or write for Publication 
No. 13852. 

Edwards E d w a r d s I n s t r u m e n t s Limited a m e m b e r o f t h e b o c g r o u p 

Manor Royal, Crawley, Sussex, England 
Telephone Crawley 28844 Telex 871 23 Edhivac Crawley 

281 



2 8 2 



le plus gros 
détecteur 

coaxial 
Ge (Li) 

du 
monde 

the 
biggest 

Ge (Li) 
coaxial 

detector 
in the world 

La S .A . I .P . présente é g a l e m e n t une gamme t rès é tendue 
de dé tec teurs semi -conducteurs . 

S.A.I.P. also present a wide range of semi-conductor detectors. 

1173,2 keV 

1332 f 5keV 

t 
{ 
ê 

6,2 keV 

Structure coaxia le symétr ique 
Volume uti le : 120 c m 3  

Epaisseur compensée : 13 à 14 ,5 mm 
Tension de polar isat ion : 1 3 0 0 V 
Capaci té : 86 pF 
Résolut ion en énerg ie L : 6,2 keV ( 6 0 C o 1 3 3 2 keV) 
Produit L x h : 68 (h = rapport p i c / C o m p t o n ) 
Eff icaci té re la t ive : 1 4 , 4 % (par rapport à un scint i l la teur 
I l\la (T1 ) 3 " x 3 " , placé à 25 cm d 'une source de 6 0 C o ) 
T e m p s de col lect ion de charges : 80 à 155 ns 
Résolut ion en temps : 8 ns à 511 keV et 5,4 ns à 1 3 3 2 keV 

Symmetrica/ coaxial structure 
Active volume: 120 cm3  

Drifted depth: 13 to 14.5 mm 
Bias voltage: 1300 V 
Capacitance: 86 pF 
Energy resolution L: 6.2 keV (for 60Co 1332 keV) 
Product L x h: 68 (h = peak to Compton ratio) 
Relative efficiency: 14.4 % (compared with a 3"x3" 
I Na (TJJ scintillator set 25 cm far from a 60Co source) 
Collection time of charges: 80 to 155 ns 
Time resolution: 8 ns on 511 keV and 5.4 ns on 1332 keV. 

S O C I E T E D ' A P P L I C A T I O N S I N D U S T R I E L L E S DE LA P H Y S I Q U E 
38, rue Gabriel Crié, 92-Malakoff, France, téléphone 253 87 20+, adresse télégraphique : Saiphy Malakoff 
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GENERAL PURPOSE GATE GENERATOR 
The 808 GATE GENERATOR, together with its companion module, the 807 TIMER, solves all timing 
and sequencing problems encountered in Nuclear Physics. 

The 808 GATE GENERATOR Is a 
three decade preset counter dr iven 
by external pulses. Input Is under 
control of a START-STOP f l ip- f lop. 
It can be used for preset time oper ­
ation if a constant rate pulse train is-
fed into its input or for preset count 
mode when event pulses are used. 

For t iming appl icat ions, the 807 
TIMER-DIVIDER provides cristal con ­
trol led f requencies from 10 MHz 
down to 0,1 Hz. All f requencies are 
available simultaneously. The divider 
chain can be used for scal ing down 
random pulses. 

Timing and preset systems assembled from 
807-808 modules offer: • Large t iming range : 0,1 us to 10.000 seconds. 

• Digital accuracy on all ranges. 
• Very convenient slaving of several GATE GENERA­

TORS to produce elaborate t iming sequences. 
• Half-micro second recovery t ime on all ranges. 
• Single width NIM-modules 

R e p r e s e n t a t i v e s t h r o u g h o u t E u r o p e a n d T h e U n i t e d S t a t e s 

ELECTRONIQUE 31 Av. Ernest-Pictet - 1211 GENEVA 13 /Sw i t ze r l and - Tel. (022)44 29 40 
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REGARDER L'INTERIEUR D'UN ACCELERATEUR. 

C'est regarder l ' in tér ieur de n o t r e soc ié té . 
C 'est une d é m o n s t r a t i o n de la m a n i è r e d o n t 
les so lu t ions d 'eng ineer ing r e n c o n t r e n t les 
ex igences de la physique. Peu d'usines p e u v e n t 
éga ler nos réa l isat ions. 

Prenez , par e x e m p l e , n o t r e t u b e d 'accé lé ra t ion 
e t n o t r e c o l o n n e : c 'est une c o n s t r u c t i o n dans 
laquel le le v e r r e e t le m é t a l sont i n t i m e m e n t 
l i é s ; el le p e u t ê t r e en p o r t e - à - f a u x jusqu 'à 
24 m è t r e s . L 'a l ignement est de la plus hau te 
qua l i t é . Le t u b e est sous v i d e , mais il do i t 
résister à une pression de 15 a t m . à l 'extér ieur . 
A c h e v é e , c e t t e s t r u c t u r e s u p p o r t e r a des v o l ­
t a g e s supér ieurs à 25 M e V . , avec des grad ien ts 
a l l an t jusqu 'à 30 k V / c m . 

V o u s a d m e t t r e z q u e c 'est une p e r f o r m a n c e ! 

T o u t e f o i s , ce n'est e n c o r e q u ' u n e p a r t i e de 
nos possib i l i tés . 
La g a m m e d ' é q u i p e m e n t s c i e n t i f i q u e q u e nous 
f a b r i q u o n s se d é v e l o p p e c o n t i n u e l l e m e n t , ce 

qui a u g m e n t e n o t r e hab i l e té t e c h n i q u e e t 
n o t r e savo i r - f a i re . 
V o u s pouvez disposer de nos t e c h n i q u e s de 
f a b r i c a t i o n . 
Nous avons b e a u c o u p d 'années de p r a t i q u e 
dans le d o m a i n e de la t ransmiss ion de puis­
sance , des s t r u c t u r e s m é c a n i q u e s , des cir ­
cu i ts de c o n t r ô l e , de la t e c h n o l o g i e de l 'accé­
lé ra teur , de la phys ique nuc léa i re e t des 
t e c h n i q u e s du v ide . 
V o u s aussi vous pouvez avoir ' a résoudre un 
p r o b l è m e s o r t a n t de l 'ord ina i re . Il est bien 
possible q u e nous puissions vous aider . . . 

HIGH VOLTAGE 
ENGINEERING 
IEURDPA) N.V. 

A M E R S F O O R T , H O L L A N D E 

• a c c é l é r a t e u r s • s o u r c e s d e n e u t r o n s • m e s u r e d e c h a m p m a g n é t i q u e p a r R M N • a i m a n t s s u r c o m m a n d e 
• a l i m e n t a t i o n d e p u i s s a n c e e n s e m i - c o n d u c t e u r s • c h a m b r e s à v i d e , p o m p e s , v a n n e s e t p l o m b e r i e 
• a i m a n t s d ' a n a l y s e e t d e r o u t a g e • m o n i t e u r s d e p r o f i l d e f a i s c e a u • i r r a d i a t i o n s à f a ç o n • é t u d e d e s m é t h o d e s 

e t d e s i n s t a l l a t i o n s d ' i r r a d i a t i o n • f o u r s e t c r y o s t a t s M ô s s b a u e r • c h a m b r e s à d i f f u s i o n . 
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les chambres à fils 
en régime proportionnel 
ouvrent des horizons nouveaux 
CARACTÉRISTIQUES 
Temps mort inférieur 
à 10-6 seconde par fil. 
Résolution meilleure 
que 100 nanosecondes. 
Auto-déclenchement. 
Sorties logiques fil par fil. 
Possibilité de coïncidences 
avec une autre chambre 
ou un détecteur. 

APPLICATIONS 
Détection sélective des particules 
en fonction de leur pouvoir d'ionisation. 
Basses énergies : 
Plan focal de spectromètre.-
Localisation spatiale 
de rayons X et de neutrons. 
Chromatographic p. 
Hautes énergies : 
Localisation de traces. 
Hodoscope à faible pouvoir d'absorption 
Electronique : 
Enregistrement des événements : 
résolution > 100 ns 
Temps de lecture : environ 20 fjts 

new possibilities 
with multiwire 
proportionnai chamber 
CHARACTERISTICS 
Dead time below 10-6 second per wire. 
Time resolution better 
than 100 nanoseconds. 
No triggering DC high voltage. 
Logical output for each wire. 
Possibility of use in coincidence 
with .other chamber or detector. 
APPLICATIONS 
Detection selectivity for particles 
of different ionizing power. 
Low energy physics : 
Localisation in focal plan of spectrometer, 
Mapping in spatial distribution 
of X-rays and neutrons, 
p chromatography. 
High energy physics : 
Localisation of particle trajectories. 
Hodoscope with low superficial weight. 

Electronics: 
Event recording: resolution > 100 ns 
Read-out time: about 20 [is 

S O C I E T E D ' A P P L I C A T I O N S I N D U S T R I E L L E S DE L A P H Y S I Q U E 
38, rue Gabriel Crié, 92, Malakoff, France, téléphone 2538720 +, adresse télégraphique : Saiphy Malakoff 
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FAST 
LOGIC 

A n d n o w , a N I M - c o m p a t i b l e a n d p r a c t i c a l E u r o p e a n S t a n d a r d for 

1 0 0 M H z + l o g i c s y s t e m s h a s b e e n f o u n d e d w i t h t h e i n t r o d u c t i o n of 

B o r e r Fast L o g i c M o d u l e s . S o h igh ly f l e x i b l e , t h e s e C E R N d e s i g n 

b a s e d un i ts f o r m t h e m o s t c o m p r e h e n s i v e d e c i s i o n - m a k i n g f a m i l y of 

m o d u l e s e v e r t o h a v e b e e n o f f e r e d a t such a rea l is t ic p r i c e . B o n u s 

a d v a n t a g e s of s h o r t e r n e a t e r i n t e r - m o d u l e c a b l i n g c a n b e g a i n e d f r o m 

L e m o - e q u i p p e d m o d e l s : B N C - e q u i p p e d m o d e l s a r e a v a i l a b l e t o o fo r 

ex is t ing s y s t e m c o m p a t i b i l i t y . 

S o m e d e t a i l s of o n e of t h e s e m o d u l e s a r e g i v e n b e l o w a n d m o r e d a t a 

o n th is , a n d t h e rest of t h e f a m i l y , w i l l b e s e n t at t h e d r o p of a p o s t c a r d . 

nnifcM U H toil** iiitfiBBr -1HB3I 

Specifications 

Input Impedance 50 ohms ± 2 % 

Reflections 5 % max. below + 1 V 

10 % max. below ± 10 V (tr = 1 ns) 

Current, max. cont. 75 mA 

Rate Greater than 50 MHz 

Output Impedance 

Rise time 

Linearity 

Transmission attenuation 

Pedestal 

Signal feed-through 

Current source, must be terminated, dc 
return path 125 ohms max. 
2.5 ns max. 

Better than 0 . 2 5 % (over range of 
+ 16 mA) 

5 % approx. Output l imited to ± 22 mA 

Adjustable to zero 
Stabil ized to better than + 0.5 mV over 
50 ohms 
50 mV max., capacit ively 
differentiated, for an input signal of 10 V 
and 1 ns rise t ime. Nett charge is zero 

Gate Input impedance 5 0 o h m s ± 2 % 

Input level —400 mV to —4 V to open gate 

Signal duration 10 ns min. Maximum duration unlimited 
Opening time 3 ns max.l M n . . , ... . 

. . >to 90 7o of max signal amplitude 
Closing time 4 ns max.J 

Transients 30 mV max. f rom base line to worst peak, 
nett charge adjustable to zero 

Great Britain: 35 High Street, Shoreham-by-Sea 
Sussex BN4 5DD 
Tel : Shoreham-by-Sea 5262 Telex: 87274 
Germany: Verkaufsburo Munchen, Kaiserstrasse 10 
8000 Mûnchen 23 
Te l : 348016 
France: Numelec, 2 Petite Place, 78-Versailles 
Tel: 951-29-30 

E L E C T R O N I C S 

Switzerland: P. O. Box, 4500 Solothurn 2 
Tel : (065) 4 88 21, Telex 34228 



N4-CH 

Expand your Universe of 
Nuclear Instrumentation 
with Hewlett-Packard 

... for better solutions 
to your measuring problems 

1 200 MHz multichannel analyzer 
2 Calculator with plotter 
3 Computer controlled spectrum analyzer 
4 Computer designed for growth 
5 Signal analyzer that measures 

I 2 The desk-top calculator 
that will plot as it 
computes 

As the hp 9100A calculator solves a 
problem, an X-Y recorder (hp 9125A) 
automatically converts the results into 
easily readable graphs. You at once see 
the interrelation of problem variables. You 

are only one step from the optimal 
solution: modifying the variables and 

recording once more. 
Even on its own, the 9100A is unique. 
You have log and trig functions at your 

fingertips. You solve transcendental 
equations as easily as typing your name. 

/ Fact or Fiction? 

A 4096 channel analyzer with a 200 MHz 
clock rate? That would be just about the 

fastest ADC clock rate ever. And it would 
mean that you could count more than 
30,000 impulses per second over all the 
channels. 

It's a fact. It's the 5401A Multichannel 
Analyzer from hp. This precision instrument 
offers you a 12-bit ADC (with 4K 

resolution) and memory expandable from 
1024 to 4096 or 8192 channels. Now you 

can get an extremely high digitizing rate in 
addition to outstanding linearity and 
stability specs, I/O flexibility, and 

multimode operation that hp has already 
contributed to nuclear and statistical 

analysis work. 
Linearity: integral, ±0.1%, differential, 
± 1% over full range above trigger level. 

Stability: baseline and gain are 
automatically stabilized 30 times per 

second. 
I/O flexibility: easy, with hp quick-change 
interface cards. 
Versatility : Multi-mode operation includes 

pulse height analysis, multichannel scaling 
and sample voltage analysis. 
5401A systems are priced from 
$11,950 fob factory 

And you obtain solutions with ten signi­
ficant digits over a 10-98 to 1099 range. 
Need to use a given programme repeatedly? 

Just record it on a small magnetic card 
(up to 196 keystrokes), and slip it into the 

9100A. Programme changes are made 
individually. No need to re-enter the 
entire programme. 
Care for a demonstration ? Your nearest 

hp office will be happy to arrange one 
for you. 

9100A: $4,400 fob factory 
9125A: $2,475 fob factory 
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f Adding on-line 
computation 
to multiparameter 

nuclear analysis 

Isometric display of Co60 coincidence 
spectra 

hp brings increased flexibility to single-
and multiparameter analysis, by adding 

on-line computation. This means you 
can immediately have meaningful data. 

Software programmes were developed for 
pulse height and sample voltage analysis, 
making these complex systems as easy t 
to use as simple analysers. Keyboard ' 

selection from among many subroutines 
allows you to directly fit the system to 
your experimental requirements, and to 

choose optimum resolution and statistical 
accuracy. You can even insert your own 

FORTRAN or ALGOL subroutines. 
The single-parameter 5405A system 

consists of a 200 MHz ADC, an hp 
computer with 4 K memory (expandable 

to 8 K), teletype input, and a variable 
persistence display. 
The 5406A system operates in multplex 

(up to 16 ADC's) and multi-parameter 
modes with up to 4 ADC's in coincidence. 
Three display modes with markers: 

isometric (rotate to 20 positions), 
contour, and x-y slice. Ask for complete 

specifications. 

versatilityr your costs rise sensibly and 
painlessly in a'linear way. You are spared 
the financial surprises that usually 

accompany the growth of a computer 
system. 

Here's the 2116B's growth potential: 
\ —The 16-bit, high-speed core memory of 

8K is expandable to 32K by adding 
8K modules. 
—From 16 I/O channels, you can go as 
high as 48, with multi-level priority 

interrupt for each channel. You change 
priorities by moving plug-in cards. 
—The wide range of peripheral I/O devices 

includes an extended arithmetic unit 
and 2-channel, direct memory access. 

Software capability is outstanding, with 
FORTRAN/ALGOL and BASIC compilers, an 
efficient assembler, and executives for data 

acquisition, time-sharing and real-time 
m ulti-programming. 
From $24,000 fob factory (8K memory, 
16 I/O channels). Made in Britain. 

1 Dredging a weak signal 
from a sea of noise — 

and measuring it 

4 No financial growing 
pains with this 
computer system 

The hp 2116B computer was designed for 
natural growth. As you expand capability, 
improve performance, and increase 

Let the noise be 1000 times stronger 
than the buried signal, the 5480A signal 
analyzer will pick it out. And deliver it to 
you as a flicker-free, calibrated display. 

And when you change experimental 
parameters? The unique "running 

j average" technique enables the 5480A 
to follow even a slowly varying signal, 

selectively de-emphasizing previous 
information with respect to new data. 
You can also obtain time and frequency 

histograms, perform multichannel scaling, 
and, with a plug-in unit, auto- and cross-
correlation. 

An analog output permits direct recording 
on an X-Y plotter. Digital devices are 

easily interfaced with an I/O coupler. For 
further analysis of the signal, the data 
can be converted into the frequency 

domain with an hp computer. 
With true averaging and steady display, 

the 5480A adds a new dimension to 
research in medicine, biology, chemistry 
and physics. For complete details and 
data sheets, give us a call, 

hp 5480A: $6,950 fob factory 

HEWLETTPACKARD 

European headquarters : 
Hewlett-Packard S.A., rue du Bois-du-Lan 7 
1217 Meyrin-Geneva, tel. (022) 4154 00 

28 sales and service offices 
throughout Europe 
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J E N A " G L A S Radiation Shielding Windows 
to any design, construction and size can be made of various special glasses. Of particular interest is glass type 
RS 520 having very low colour. On account of its high density of 5.2 it is excellently suited for large windows of low 
thickness in lead and steel walls. 

More Safety by Dry Windows 
A highly effective anti-reflection coating insures light transmission equal to that of oil windows. Important advantages: 
No leakage - no interruption of work by turbidity of the immersion oil - no change of oil - no attack on glass surfaces, 
lead or sealing materials. 

Catalogue No. 3200 gives further details and examples of design. 

JENA" GLASWERK SCHOTT & GEN., MAINZ 
(West G e r m a n y ) 

We will display : NUCLEX 69 - Stand 3.201 



High performance/ 
low priced varian data 
systems computers. 

varian data 620/i. 
Over 500 installed. 

A third generation system computer with an excep­
tional pr ice/performance ratio. 

For easy interfacing with your system. Party line 
communicat ion. Over 100 basic commands. Directly 
addressable memory — 4K to 32K words. 16 or 18 bits 
with a 1.8 microsecond cycle t ime. 

Mult i- level priority interrupts. 9 hardware registers; 
6 addressing modes. 

Micro EXEC addressing option — handles instruc­
t ions at submicrosecond speeds, giving a 10 to 1 
speed advantage over stored programs. IOV2" of 
rack space; 67 pounds, including power supply. 

Field proven software. Cost : only $13,900 with 
ASR 33 TTY. 

varian data 520/i. 
New $ 7,500 
dual-environment computer. 

Dual-environment eliminates the need to save-and-
restore routines each t ime an interrupt occurs. 

Single-instruct ion transfers control between envir­
onments. For example, between processing and I/O 
programs. 

Memory expandable from 4K bytes to 32K bytes 
with 1.5 microsecond cycle t ime. 

11 interrupt l ines; 12 hardware registers. Functions 
arithmetically in 8, 16, 24, 32 bit lengths within same 
program. 

50 basic instructions with over 500 register-to-
register operations. Monol i thic integrated circuits. 

v a r i a n 

d a t a m a c h i n e s 
a varian subsidiary 
Frankfurter Ring 81 
8 Muenchen 13, West Germany 
(0811) 35 91 098 

SALES OFFICES: United States, Australia, Belgium, Canada, France, Germany, India, Italy, South Africa, Sweden, Switzerland, United Kingdom and Ireland. 
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Gate problems stop here 

Make the most of the gating features of each — or combine them for greater fanout and 
more flexibil ity. For additional information on the solution of your gate problems, contact 
EG&G Inc., Nuclear Instrumentation Division, 36 Congress Street, Salem, Massachusetts 
01970. Phone (617) 745-3200. Cable: EGGINC-Salem. TWX: 710-347-6741. Telex: 949469. 


