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All the world's a hadron 
Recent results from experiments with colliding 
beams of electrons and positrons have over
thrown some well-rooted beliefs 

The detection system which surrounds one of 
the beam collision regions at the Stanford 
electron-positron storage ring, SPEAR. A large 
solenoid magnet encloses cylindrical wire 
chambers and trigger scintillation counters. 
Shower counters give the octogonal shape out
side the magnet. This detector was used in 
gathering the new astonishing results on hadron 
production. 

(Photo S LAC) 

T e n y e a r s a g o in F e b r u a r y 1 9 6 4 , i t w a s 
a n n o u n c e d f r o m B r o o k h a v e n t h a t t h e y 
h a d i d e n t i f i e d t h e o m e g a m i n u s p a r 
t i c l e in p h o t o g r a p h s t a k e n i n t h e 
8 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 . 
T h i s c r o w n e d o n e o f t h e g r e a t a c h i e v e 
m e n t s o f h i g h e n e r g y p h y s i c s a n d 
p e r h a p s m a r k e d t h e e n d o f a p a r t i c u l a r 
e ra i n o u r r e s e a r c h . 

T h e s t o r y o f w h y t h e i d e n t i f i c a t i o n 
o f t h i s ra re p a r t i c l e w a s s o i m p o r t a n t 
has - b e e n t o l d m a n y t i m e s b e f o r e . 
F o l l o w i n g t h e c o m i n g i n t o o p e r a t i o n 
o f t h e 6 G e V B e v a t r o n a t B e r k e l e y 
( w h i c h , t o s t i c k t o t h e a n n i v e r s a r y p e g , 
w a s e x a c t l y t w e n t y y e a r s a g o in F e b 
r u a r y 1 9 5 4 ) t h e p o p u l a t i o n e x p l o s i o n 
in t h e n u m b e r o f d i s c o v e r e d p a r t i c l e s 
h a d d e f i e d u n d e r s t a n d i n g . T h e n c a m e 
a b e a u t i f u l t h e o r e t i c a l a p p l i c a t i o n o f 
u n i t a r y s y m m e t r y t h e o r y w h i c h 
g r o u p e d t h e p a r t i c l e s t o g e t h e r i n a n 
o r d e r l y w a y w i t h w e l l - d e f i n e d r e l a t i o n 
s h i p s b e t w e e n t h e m . 

I t w a s in n o t i c i n g a n a b s e n t m e m b e r 
i n o n e o f t h e s e g r o u p s t h a t t h e 
e x i s t e n c e o f t h e o m e g a m i n u s w a s 
p r e d i c t e d a n d a l l i t s p r o p e r t i e s c o u l d 
b e s p e c i f i e d in a d v a n c e . T h e B r o o k -
h a v e n d i s c o v e r y f i t t e d t h e p r e d i c t i o n s 
e x c e l l e n t l y a n d g a v e h e f t y s u p p o r t t o 
t h e t h e o r y . W e c a n c o n s i d e r o u r s e l v e s 
o n t o a r ea l l y g o o d t h e o r y w h e n i t n o t 
o n l y w r a p s u p w h a t w e k n o w b u t a l s o 
m a k e s a c c u r a t e p r e d i c t i o n s c o n c e r n 
i n g w h a t w e p r e v i o u s l y d i d n o t k n o w . 

I f t h e r e is a n o r d e r l y g r o u p i n g o f t h e 
p a r t i c l e s t h e r e m u s t b e s o m e u n d e r 
l y i n g r e a s o n s f o r t h e r e l a t i o n s h i p s 
b e t w e e n t h e m . T h e f a m o u s q u a r k 
h y p o t h e s i s is o n e a t t e m p t t o g e t a t 
t h e s e u n d e r l y i n g r e a s o n s . I t p o s t u l a t e s 
t h r e e t y p e s o f f r a c t i o n a l l y c h a r g e d 
p a r t i c l e s w h i c h c o u l d c o m e t o g e t h e r 
i n d i f f e r e n t w a y s t o b u i l d u p t h e 
m u l t i t u d e o f p a r t i c l e s t h a t w e h a v e 
d i s c o v e r e d . T h u s a l l t h e h a d r o n s (a l l 
t h e p a r t i c l e s w h i c h r e s p o n d t o t h e 
s t r o n g i n t e r a c t i o n ) c o u l d b e e x p l a i n e d 
o n t h e b a s i s o f a f e w q u a r k s . 

T h e q u a r k t h e o r y h a s h a d g r e a t s u c 

c e s s in e x p l a i n i n g m a n y o f t h e p h e n o 
m e n a i n v o l v i n g h a d r o n s a n d h a s b e e n 
a f r u i t f u l s p r i n g b o a r d f o r d e v e l o p i n g 
t h e t h e o r y o f p a r t i c l e b e h a v i o u r . 
H o w e v e r , o n t h e o n e h a n d , q u a r k s 
h a v e n e v e r b e e n i s o l a t e d as s e p a r a t e 
e n t i t i e s d e s p i t e a m u l t i t u d e o f s e a r c h e s 
a n d , o n t h e o t h e r h a n d , t h e r e a re s o m e 
r e s u l t s w h i c h d o n o t l i ne u p p r e c i s e l y 
w i t h t h e p r e d i c t i o n s o f t h e q u a r k 
m o d e l . 

I t is f o r t h i s r e a s o n t h a t w e p i c k e d 

o u t t h e i d e n t i f i c a t i o n o f t h e o m e g a 
m i n u s t e n y e a r s a g o as , i n s o m e w a y s , 
t h e e n d o f a n e r a . I t r e s u l t e d f r o m t h e 
a c c u m u l a t i o n o f a m a s s o f c o m p l e t e l y 
n e w i n f o r m a t i o n a n d f r o m t h e o r e t i c a l 
a t t e m p t s t o u n d e r s t a n d t h i s i n f o r m a 
t i o n . I t g a v e s t r o n g h o p e t h a t w e w e r e 
c r a c k i n g t h e m y s t e r i e s o f t h e w o r l d o f 
h a d r o n s . B u t f r o m t h a t p o i n t o n , t h e 
c r a c k i n g h a s p r o v e d h a r d e r t h a n w e 
t h o u g h t . 

T h e p a s t t e n y e a r s h a v e c e r t a i n l y 
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The AD ONE storage ring at Frascati where 
combined electron-positron energies of up to 
3 GeV had already indicated that the hadron 
production cross-section was high. 

(Photo Frascati) 

s e e n n o l e t - u p in t h e a c c u m u l a t i o n o f 
f r e s h i n f o r m a t i o n . T h i s h a s b e e n 
p a r t i c u l a r l y t r u e o f r e c e n t y e a r s w h e n , 
as u s u a l , t h e o p e n i n g u p o f n e w e n e r g y 
r a n g e s h a s s p i l l e d f a s c i n a t i n g r e s u l t s 
i n f r o n t o f us . 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 a t S e r p u k h o v , t h e C E R 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 , t h e 
4 0 0 G e V p r o t o n s y n c h r o t r o n a t N A L 
B a t a v i a h a v e a l l c o n t r i b u t e d s o m e 
t h i n g n e w . 

S o m e o f t h e r e c e n t r e s u l t s f r o m 
t h e s e m a c h i n e s w e r e d e s c r i b e d in t h e 
J a n u a r y i s s u e , p a g e s 3 - 6 . T h i s m o n t h 
w e t u r n t o a se r ies o f f r e s h s u r p r i s e s 
c o m i n g f r o m e x p e r i m e n t s o 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 s . T h e y w e r e 
r e p o r t e d b y B. R i c h t e r ( S L A C ) a t t h e 
A m e r i c a n P h y s i c a l S o c i e t y M e e t i n g i n 
C h i c a g o o n 4 - 7 F e b r u a r y . 

D e s p i t e t h e f a c t t h a t t h e e l e c t r o n 
a n d p o s i t r o n are w e l l e n t r e n c h e d as 
l e p t o n s ( p a r t i c l e s w h i c h d o n o t f e e l 
t h e s t r o n g i n t e r a c t i o n ) , w e a re s t a y i n g 
w i t h h a d r o n s b e c a u s e t h e m a j o r s u r 

p r i ses c o n c e r n t h e w a y in w h i c h 
h a d r o n s a re p r o d u c e d in t h e e l e c t r o n -
p o s i t r o n c o l l i s i o n s . 

T h e h i g h e n e r g y c o l l i s i o n o f a n 
e l e c t r o n a n d a p o s i t r o n b r i n g s m a t t e r 
a n d a n t i m a t t e r t o g e t h e r r e s u l t i n g i n 
a n n i h i l a t i o n i n t o e n e r g y . T h i s e n e r g y 
( p h o t o n s ) c a n c o n v e r t i n t o h a d r o n s 
( p r e d o m i n a n t l y p i o n s ) . T h u s h a d r o n s 
e m e r g e f r o m l e p t o n c o l l i s i o n s . 

T h e f i r s t i n k l i n g t h a t t h i n g s w e r e 
g o i n g a d r i f t c o m p a r e d w i t h w h a t w a s 
e x p e c t e d c a m e f r o m t h e e x p e r i m e n t s 
a t t h e 1.5 G e V s t o r a g e r i n g A D O N E 
a t F r a s c a t i . T h e i r m e a s u r e m e n t s i n d i 
c a t e d t h a t h a d r o n s are p r o d u c e d 
m u c h m o r e p l e n t i f u l l y t h a n a n t i c i p a t e d 
— t h e p r o d u c t i o n c r o s s - s e c t i o n u p t o 
3 G e V c e n t r e o f m a s s e n e r g y is o v e r 
t w i c e as h i g h as e x p e c t e d o n t h e b a s i s 
o f t h e s i m p l e s t m o d e l s o f w h a t is 
h a p p e n i n g ( s e e v o l . 1 3 p a g e 7 5 ) . 

A f e w m e a s u r e m e n t s w i t h e l e c t r o n s 
a n d p o s i t r o n s w i t h e n e r g i e s u p t o 
2 . 5 G e V ( g i v i n g 5 G e V c e n t r e o f m a s s 

e n e r g y ) t h e n c a m e f r o m t h e C a m 
b r i d g e b y p a s s . T h e s e r e s u l t s w e r e v e r y 
m u c h h i g h e r t h a n t h e p r e d i c t i o n s b u t , 
b e f o r e t h e y c o u l d b e c h e c k e d a g a i n , 
t h e a c c e l e r a t o r w a s c l o s e d d o w n a n d 
t h e e x p e r i m e n t a l t e a m w e r e in t h e 
g a l l i n g p o s i t i o n o f h o l d i n g in t h e i r 
h a n d s o m e v e r y e x c i t i n g r e s u l t s w i t h 
o u t b e i n g a b l e t o b u i l d o n t h e m . T h e 
r e s u l t s w e r e s o w a y o u t t h a t t h e res t 
o f t h e h i g h e n e r g y p h y s i c s w o r l d sa t 
b a c k a n d r e s e r v e d j u d g e m e n t . 

I n r e c e n t m o n t h s t h e s a m e e n e r g y 
r a n g e h a s b e e n c o v e r e d a t t h e 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 P E A R a t 
S t a n f o r d . E x p e r i m e n t s t h e r e h a v e 
r e s o u n d i n g l y c o n f i r m e d t h e C a m b r i d g e 
m e a s u r e m e n t s a n d c o m p l e t e l y o v e r 
t h r o w n o u r u n d e r s t a n d i n g o f w h a t is 
g o i n g o n . 

F i rs t o f a l l t h e r e s u l t s g i v e t h e t o t a l 
c r o s s - s e c t i o n f o r t h e p r o d u c t i o n o f 
h a d r o n s as a b o u t 2 5 n b a n d t h i s f i g u r e 
is v i r t u a l l y c o n s t a n t o v e r t h e e n e r g i e s 
i n v e s t i g a t e d u p t o 5 G e V . T h i s is i n 
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c o m p l e t e c o n t r a d i c t i o n t o t h e p r e d i c 
t i o n o f t h e q u a r k m o d e l , f o r e x a m p l e , 
w h i c h s a y s t h a t t h e c r o s s - s e c t i o n 
s h o u l d f a l l o f f as t h e s q u a r e o f t h e 
e n e r g y ( p r o p o r t i o n a l t o 1 / E 2 ) . H a d r o n s 
a r e o b v i o u s l y b e i n g p r o d u c e d l i k e 
m a d c o m p a r e d w i t h w h a t t h e q u a r k 
i d e a s s a y t h e y o u g h t t o b e . 

T h e q u a r k m o d e l g e t s a n o t h e r j o l t 
w h e n t h e t o t a l c r o s s - s e c t i o n f o r p r o 
d u c i n g h a d r o n s is c o m p a r e d w i t h t h e 
t o t a l c r o s s - s e c t i o n f o r p r o d u c i n g p a i r s 
o f m u o n s . T h e s i m p l e q u a r k m o d e l 
m a k e s q u i t e s p e c i f i c p r e d i c t i o n s — i t 
s a y s t h a t t h e r a t i o s h o u l d b e a c o n s t a n t 
a t a v a l u e o f 2 / 3 , i n d e p e n d e n t o f t h e 
e n e r g y a t w h i c h t h e m e a s u r e m e n t s 
a r e m a d e . 

A D O N E r e s u l t s h a d a l r e a d y u p s e t 
t h e a p p l e c a r t o f t h e s i m p l e m o d e l b u t 
( w i t h t h e p o s s i b l e e x c e p t i o n o f o n e 
m e a s u r e m e n t ) w e r e s t i l l c o m p a t i b l e 
w i t h a m o r e c o m p l i c a t e d v a r i a n t o f 
t h e q u a r k m o d e l i n v o l v i n g ' c o l o u r e d ' 
q u a r k s ( b u i l t u p b y i n t r o d u c i n g 
a n o t h e r p r o p e r t y f o r t h e q u a r k s l i k e a n 
u l t r a - s t r a n g e n e s s ) . T h e c o l o u r e d v a 
r i a n t s t i l l i n s i s t e d o n a c o n s t a n t v a l u e 
f o r t h e r a t i o , t h i s t i m e o f 2 . C o l o u r e d 
q u a r k s h a d b e e n a r o u n d b e f o r e t h e 
A D O N E r e s u l t s , a n d a r e d e s i r a b l e 
c o m m o d i t i e s f o r o t h e r r e a s o n s , b u t 
A D O N E b r o u g h t t h e m m o r e i n t o t h e 
l i m e l i g h t . 

T h e C a m b r i d g e a n d S P E A R m e a s 
u r e m e n t s c a n b e e x p l a i n e d b y n o q u a r k 
m o d e l , n o m a t t e r h o w c o l o u r e d . T h e y 
s h o w t h a t t h e r a t i o is r i s i n g w i t h 
i n c r e a s i n g e n e r g y a n d b y 5 G e V i t h a s 
r e a c h e d a v a l u e o f a b o u t 6 . T h i s is 
i l l u s t r a t e d i n t h e g r a p h . ( T h e e r r o r 
b a r s o n t h e S P E A R d a t a a r e t h e r e t o 
t a k e g e n e r o u s c a r e o f s y s t e m a t i c 
e r r o r s — t h e s t a t i s t i c a l e r r o r s a r e o n l y 
6 t o 7 % . ) 

H a v i n g p l a y e d h a v o c w i t h t h e 
q u a r k m o d e l , t h e r e s u l t s c a n a l s o b e 
a p p l i e d s u b v e r s i v e l y t o a n o t h e r r e 
v e r e d c o n c e p t — t h a t o f s c a l i n g . I t w a s 
e x p e c t e d t h a t t h e e n e r g y d i s t r i b u t i o n 
o f t h e h a d r o n s e m e r g i n g f r o m t h e 

Installation of the BOLD detector in the bypass 
at the Cambridge Electron Accelerator. With com
bined electron-positron energies of up to 5 GeV 
they showed clearly for the first time that 
something is seriously wrong with our 
understanding of the electron-positron inter
action. They had no time to build on these 
results before the accelerator was closed down. 

(Photo CEA) 

The graph which carries the message. On the 
vertical scale are plotted the ratios of muon 
production to hadron production observed in 
electron-positron colliding beam experiments 
at Frascati, Cambridge and Stanford. Quark 
models predict constant values as indicated and 
lower energy measurements (up to 3 GeV) at 
Frascati were within the quark ball park except 
for a result from the Y Y group which was already 
pointing the way. The Cambridge bypass plugged 
in two measurements up to 5 GeV and now 
ample data from SPEAR has confirmed the 
spectacular rise in the ratio beyond doubt. 
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Progress with the 
ESO Telescope 

e l e c t r o n - p o s i t r o n c o l l i s i o n s w o u l d 
e x h i b i t a c e r t a i n r e g u l a r i t y . I t is k n o w n 
as s c a l i n g a n d e s s e n t i a l l y m a k e s it 
p o s s i b l e t o p r e d i c t t h e e n e r g y d i s t r i 
b u t i o n o f t h e h a d r o n s at a n y e n e r g y 
o n c e t h e y h a v e b e e n m e a s u r e d a t 
a n o t h e r e n e r g y . 

S c a l i n g h a s w o r k e d b e a u t i f u l l y i n 
t h e s t u d i e s o f t h e l e p t o n - h a d r o n 
i n t e r a c t i o n in o t h e r t y p e s o f e x p e r i 
m e n t s . Fo r e x a m p l e , w a t c h i n g h o w 
e l e c t r o n s e l a s t i c a l l y s c a t t e r o f f 
n u c l é o n s g i v e s m e a s u r e m e n t s in l i n e 
w i t h t h e s c a l i n g l a w s . B u t d r a w i n g t h e 
d i a g r a m o f t h e e l e c t r o n a n d p o s i t r o n 
c o l l i s i o n p r o d u c i n g h a d r o n s i l l u s t r a t e s 
t h a t t h e s a m e i n t e r a c t i o n is a t w o r k as 
in e l e c t r o n - n u c l e o n s c a t t e r i n g . W h y 
t h e n d o e s s c a l i n g n o t a p p l y ? T h e f a c t 
t h a t s c a l i n g h a s b r o k e n d o w n is r e a l l y 
m o r e d i s t u r b i n g t h a n t h e c o n t r a d i c 
t i o n s o f t h e q u a r k m o d e l t h a t w e 
c o n c e n t r a t e d o n a b o v e b e c a u s e n o 
m o d e l , q u a r k o r a n y t h i n g e l se , w h i c h 
is i n l i n e w i t h s c a l i n g c a n e x p l a i n t h e 
n e w resu l t s . 

W h a t is a l s o i n t r i g u i n g is t h a t t h e 
s o r t o f h a d r o n e n e r g y d i s t r i b u t i o n 
w h i c h is s e e n f r o m t h e e l e c t r o n -
p o s i t r o n c o l l i s i o n s l o o k s l i k e t h e 
e n e r g y d i s t r i b u t i o n w h i c h is s e e n in 
v e r y h i g h e n e r g y p r o t o n c o l l i s i o n s . 
T h e d a t a l o o k s t h e s a m e as t h a t f o r 
p i o n p r o d u c t i o n a t 9 0 ° i n t h e c e n t r e 
o f m a s s m e a s u r e d a t N A L o r t h e 9 0 ° 
d a t a f r o m t h e I S R . T h e e l e c t r o n s a n d 
p o s i t r o n s a re s h o w i n g t h e t y p e o f 
b e h a v i o u r w e e x p e c t f r o m h a d r o n s . 
I t is j u s t as i f t h e e l e c t r o n is s e n s i t i v e 
t o t h e s t r o n g i n t e r a c t i o n w i t h i n a t i n y 
r a d i u s o f 1 C H 6 c m . S o is e v e n t h e b e s t 
k n o w n o f a l l t h e l e p t o n s r e a l l y a 
h a d r o n a t h e a r t ? 

T h e s e a re n e w , c o m p l e t e l y u n 
e x p e c t e d , c l u e s t o h e l p u s u n d e r s t a n d 
t h e t r u e n a t u r e o f m a t t e r . 

S i n c e 1 9 7 0 , C E R N has b e e n c o l l a b o 
r a t i n g w i t h t h e E u r o p e a n S o u t h e r n 
O b s e r v a t o r y i 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 o f a l a r g e o p t i c a l t e l e s c o p e . 
T h e t e l e s c o p e has a 3 . 6 0 m m i r r o r a n d 
is t h e l a r g e s t e v e r b u i l t b y E u r o p e . 
O n c e it is i n s t a l l e d a t t h e E S O O b s e r 
v a t o r y o n M o u n t La S i l l a i n C h i l e , 
6 0 0 k m n o r t h o f S a n t i a g o , i ts use rs 
w i l l e n j o y c o n d i t i o n s f o r o b s e r v a t i o n 
w h i c h w i l l b e a m o n g t h e b e s t a v a i l 
a b l e a n y w h e r e in t h e w o r l d , w i t h a n 
e x c e p t i o n a l l y p u r e a t m o s p h e r e a n d a 
s k y w h i c h is a l m o s t a l w a y s c l o u d l e s s . 

T h e t e l e s c o p e is t o b e u s e d t o s t u d y 
t h e s k i e s o f t h e S o u t h e r n h e m i s p h e r e 
w h e r e t h e f a m o u s M a g e l l a n i c c l o u d s 
a n d t h e c e n t r a l r e g i o n o f o u r g a l a x y 
are a m o n g t h e i t e m s o f s p e c i a l i n t e res t . 
A n i m p r e s s i v e b u i l d i n g is n e e d e d t o 
h o u s e t h i s t e l e s c o p e , w i t h i ts h e i g h t 
o f 1 8 m a n d w e i g h t o f a b o u t 2 5 0 t o n s . 
T h e b u i l d i n g has a d i a m e t e r o f 3 0 m 
a n d a h e i g h t o f 4 0 m , e q u i v a l e n t t o 
t h a t o f a t w e l v e s t o r e y b l o c k . 3 0 0 0 m 3 

o f c o n c r e t e a n d 3 5 0 t o n s o f s tee l a re 
n e e d e d f o r i ts c o n s t r u c t i o n , a n d i ts 
d o m e w i l l c o n t a i n 4 0 0 t o n s o f s t e e l . 

T h e m a i n m i r r o r w a s m a d e b y 
R E O S C in Par i s a n d w a s f i n i s h e d in 
t h e s p r i n g o f 1 9 7 2 . S i n c e t h e n , s i x 
o t h e r c o n t r a c t s h a v e b e e n c o n c l u d e d 
f o r t h e m a n u f a c t u r e o f t h e m e c h a n i c a l 
c o m p o n e n t s , t h e s e c o n d a r y m i r r o r s 
a n d t h e i r s u p p o r t s , a n d t h e t e l e s c o p e 
c o n t r o l s y s t e m . 

T h e s t r u c t u r e o f t h e t e l e s c o p e is 
b e i n g b u i l t i n C r e u s o t - L o i r e ' s w o r k 
s h o p s a t S t . C h a m o n d , F r a n c e . A l l t h e 
m e c h a n i c a l c o m p o n e n t s h a v e a l r e a d y 
b e e n w e l d e d a n d a s ta r t h a s b e e n 
m a d e o n m a c h i n i n g t h e m . T h e s t r u c 
t u r e c o n s i s t s o f a b o u t f i f t e e n l a r g e 
s e c t i o n s w e i g h i n g f i v e t o t w e n t y t o n s 
e a c h , t h e t o t a l w e i g h t b e i n g a b o u t 
t w o h u n d r e d t o n s . T h e t e l e s c o p e w i l l 
b e p u t t o g e t h e r i n o n e o f t h i s c o m 
p a n y ' s a s s e m b l y ha l l s , w h i c h h a s 
a l r e a d y b e e n p r e p a r e d ; i t w a s n e c e s 
s a r y t o d i g o u t t h e f l o o r i n o r d e r t o 
a c c o m m o d a t e t h e e i g h t e e n m e t r e h i g h 

t e l e s c o p e . O n c e a s s e m b l e d , w i t h a l l 
i ts m e c h a n i c a l c o m p o n e n t s a n d 
m o t o r s , i t w i l l u n d e r g o a s i x - m o n t h 
p r o g r a m m e o f t e s t s . 

T h e m a i n d e c l i n a t i o n a n d p o l a r 
d r i v e g e a r - w h e e l s are b e i n g m a n u 
f a c t u r e d b y M A A G in Z u r i c h . T h e 
t r u i n g o f t h e p o l a r d r i v e w h e e l is 
a l r e a d y a t a h r g h l y a d v a n c e d s t a g e , 
a n d t h e w h e e l w i l l b e r e a d y a t t h e 
b e g i n n i n g o f M a r c h . T h e m a i n d e c l i 
n a t i o n d r i v e w h e e l w i l l b e r e a d y t w o 
m o n t h s la ter . 

T h e s e c o n d a r y m i r r o r a n d p r i m e 
f o c u s u n i t s f o r t h e v a r i o u s m o d e s o f 
o b s e r v a t i o n ( p r i m e , C a s s e g r a i n o r 
C o u d é f o c u s ) w i l l b e m a d e b y B o u 
v i e r i n G r e n o b l e . M a n u f a c t u r e s h o u l d 
s t a r t w i t h i n a m o n t h o r t w o . 

T h e c a b l i n g a n d m o t o r c o n t r o l 
s y s t e m s a re b e i n g c o n s t r u c t e d b y a 
C E R N - E S O c o l l a b o r a t i o n . S e v e r a l 
H e w l e t t P a c k a r d 2 1 0 0 c o m p u t e r s w i l l 
b e u s e d t o c o n t r o l t h e t e l e s c o p e a n d 
t o c o l l e c t d a t a . T h e y are a l r e a d y 
i n s t a l l e d in t h e E S O b u i l d i n g o n t h e 
C E R N s i t e . I n n o r m a l c o n d i t i o n s , t h e 
c o m p u t e r s w i l l p r o v i d e t o t a l l y a u t o 
m a t i c c o n t r o l f o r r o t a t i n g t h e d o m e , 
s e t t i n g u p t h e m i r r o r s in a c c o r d a n c e 
w i t h t h e m o d e o f o b s e r v a t i o n a n d 
a i m i n g t h e t e l e s c o p e in t h e d e s i r e d 
d i r e c t i o n . I t w i l l a l w a y s b e p o s s i b l e , 
n e v e r t h e l e s s , t o c o n t r o l t h e s y s t e m 
m a n u a l l y . T h e s e c o n t r o l o p e r a t i o n s 
r e q u i r e m o r e t h a n 1 2 0 m o t o r s . A 
m o d e l h a s b e e n se t u p c l o s e t o t h e 
c o m p u t e r a n d is b e i n g u s e d t o p e r f e c t 
t h e c o n t r o l s y s t e m . A n a u t o m a t i c 
t r a c k i n g p r o t o t y p e is a l r e a d y o p e r a 
t i o n a l o n o n e o f t h e E S O t e l e s c o p e s 
in C h i l e . 

A p u m p i n g s t a t i o n f o r t h e h y d r o 
s t a t i c b e a r i n g s o f t h e d e c l i n a t i o n a n d 
p o l a r a x e s w i l l b e b u i l t b y R e x r o t h o f 
L o h r , G e r m a n y . A n a d v a n c e d s t a g e 
h a s b e e n r e a c h i n g in d r a w i n g u p t h e 
p l a n s f o r t h i s p u m p i n g s t a t i o n a n d a 
s t a r t s h o u l d b e p o s s i b l e o n p r o d u c t i o n 
in o n e o r t w o m o n t h s ' t i m e . 

W o r k b e g a n o n t h e b u i l d i n g i t se l f 
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A view of the ESO Observatory at the top of La 
Sif/a mountain in Chile. The photograph was 
taken in rare weather conditions when the 
region was covered in snow. 

l a s t S p r i n g . O n 1 A p r i l 1 9 7 3 , t h r e e 
E S O e n g i n e e r s d e t a c h e d f r o m C E R N 
w e n t t o C h i l e a n d t o o k c h a r g e o f t h e 
o r g a n i z a t i o n o f t h e w o r k s i t e ( r e c r u i t 
i n g w o r k e r s , e r e c t i n g s i t e b u i l d i n g s , 
o b t a i n i n g m a t e r i a l s , e t c . ) . A s t a r t 
c o u l d b e m a d e o n t h e a c t u a l w o r k 
f r o m J u n e a n d w o r k c o n t i n u e d 
t h r o u g h o u t t h e y e a r i n s p i t e o f t h e 
d i f f i c u l t i e s e n c o u n t e r e d d u r i n g t h e 
t r o u b l e d t i m e s t h r o u g h w h i c h C h i l e 
w a s g o i n g . F o r e x a m p l e , m o r e t h a n a 
t o n o f d y n a m i t e w h i c h w a s n e e d e d t o 
b l a s t s o m e 7 0 0 0 m 3 o f r o c k t o f l a t t e n 
o f f t h e m o u n t a i n p e a k w h e r e t h e 
b u i l d i n g is b e i n g c o n s t r u c t e d n e v e r 
a r r i v e d a t t h e s i t e b e c a u s e t h e C h i l e a n 
a r m y h a d c o n f i s c a t e d i t . T h e J u l y l o r r y 
d r i v e r s s t r i k e c o m p l e t e l y p r e v e n t e d 
m a t e r i a l s f r o m a r r i v i n g o n s i t e u n t i l 
S e p t e m b e r . 

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

w e r e s t r e w n w i t h t h e m , m a k i n g r o a d 
t r a v e l m o r e t h a n a l i t t l e h a z a r d o u s . B y 
t h e m i d d l e o f S e p t e m b e r , c o n d i t i o n s 
h a d i m p r o v e d c o n s i d e r a b l y , s h o p s h a d 
s o m e t h i n g t o s e l l o n c e m o r e a n d s u p 
p l i e s t o t h e s i t e r e c o m m e n c e d . 
T h r o u g h o u t t h e t r o u b l e s , w o r k h a d 
n e v e r s t o p p e d . 

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

t h e 
w a s 
c a r -

o f S e p t e m b e r , 
c o m p l e t e d . I t 

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

C o n c r e t i n g s h o u l d b e f i n i s h e d n e x t 
D e c e m b e r . T h e s t e e l c o m p o n e n t s o f 
t h e d o m e , b e i n g b u i l t i n G e r m a n y b y 
K r u p p , w i l l t h e n b e w e l d e d a n d a s s e m 
b l e d . T h i s w o r k s h o u l d b e c o m p l e t e d 
b y N o v e m b e r 1 9 7 5 . T h e b u i l d i n g ' s 
a i r - c o n d i t i o n i n g s y s t e m , w h i c h is n o w 
b e i n g i n s t a l l e d , is m a n u f a c t u r e d b y 
S u l z e r , S w i t z e r l a n d . T h e c i v i l e n g i n e e r -

i n g p a r t o f t h e w o r k w i l l b e f i n i s h e d a t 
t h e b e g i n n i n g o f 1 9 7 6 a n d i t w i l l t h e n 
b e p o s s i b l e t o s t a r t a s s e m b l i n g t h e 
t e l e s c o p e , t h e v a r i o u s c o m p o n e n t s o f 
w h i c h w i l l b e s e n t t o C h i l e b y s e a . 

A n e w e l e c t r i c p o w e r p l a n t c o m 
p r i s i n g t h r e e 5 0 0 k V A d i e s e l g e n e r 
a t o r s h a s b e e n a s s e m b l e d b y M o t o r e n 
W e r k e o f M a n n h e i m a n d w i l l s u p p l y 
e l e c t r i c i t y t o t h e O b s e r v a t o r y . O n c e 
t h e 3 . 6 m t e l e s c o p e h a s b e e n i n 
s t a l l e d , a 1 .5 m C o u d é a u x i l i a r y t e l e 
s c o p e ( C A T ) w i l l b e a s s o c i a t e d w i t h 
i t , p o s i t i o n e d v e r y c l o s e t o t h e m a i n 
b u i l d i n g . I t a l s o w i l l b e c o n t r o l l e d b y 
t h e H e w l e t t P a c k a r d c o m p u t e r s a n d 
a c o r r i d o r l i n k i n g t h e t w o b u i l d i n g s 
w i l l a l l o w i t t o s e n d i t s o p t i c a l b e a m 
i n t o t h e C o u d é l a b o r a t o r y o f t h e l a r g e 
t e l e s c o p e a n d t o u s e t h e s p e c t r o g r a p h 
i n s t a l l e d t h e r e . 

D e s p i t e t h e p r o b l e m s , E u r o p e ' s 
a s t r o n o m e r s c a n l o o k f o r w a r d t o u s i n g 
t h e i r l a r g e o p t i c a l t e l e s c o p e i n t h e 
c o u r s e o f 1 9 7 6 . 
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The building to house the 3.6 m optical 
telescope under construction at the Observatory. 
The octogonal shape at the centre is the 
foundation for the support system of the 
telescope itself surrounded by the outside wall 
of the circular building. 

One of the heavy (19 ton) components of the 
3.6 m telescope. The bearing surface of the polar 
axis, which will float on an oil film, is of 'horse
shoe' shape. The photograph shows half the 
horse-shoe with a 9 m external diameter. 

CERN News 

Seeing it all with the 
ISR streamer chamber 
In t h e J a n u a r y i s s u e w e r e p r o d u c e d a 
p h o t o g r a p h t a k e n in t h e s t r e a m e r 
c h a m b e r i n s t a l l e d a t i n t e r s e c t i o n r e g i o n 
I -7 o f t h e I S R . W e w i l l n o w g i v e s o m e 
m o r e d e t a i l o n T:his d e t e c t i o n s y s t e m 
w h i c h c a n s e e a l m o s t a l l t h e p r o d u c e 
o f a p r o t o n - p r o t o n c o l l i s i o n in t h e 
s t o r a g e r i n g s a n d p r o m i s e s t o b e a 
f r u i t f u l s o u r c e o f i n f o r m a t i o n d u r i n g 
1 9 7 4 . 

T h e s t r e a m e r c h a m b e r t e c h n i q u e 
w a s p r o p o s e d a t C E R N b y E. G y g i 
a n d F. S c h n e i d e r i n 1 9 6 4 . I t w a s 
d e v e l o p e d p a r t i c u l a r l y i n t h e S o v i e t 
U n i o n b y t h e l a t e G . C h i k o v a n i a n d 
h i s c o l l a b o r a t o r s a n d a t 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 C e n t r e i n t h e U S A . 
B y n o w t h e t e c h n i q u e is t h o r o u g h l y 
m a s t e r e d a n d i ts u s e is v e r y w i d e 
s p r e a d ( s e e t h e r e p o r t o f t h e F rasca t i 
I n s t r u m e n t a t i o n C o n f e r e n c e v o l . 1 3 , 
p a g e 1 7 9 ) . T h e c h a m b e r s h a v e g r o w n 
t o v e r y l a r g e s i zes — o n e o f t h e l a tes t 
v e r s i o n s is a s t r e a m e r c h a m b e r s y s t e m 
w i t h a t o t a l l e n g t h o f a l m o s t 9 m 
w h i c h h a s b e e n b u i l t f o r t h e s t u d y o f 
k a o n d e c a y s a t t h e I n s t i t u t e f o r 
T h e o r e t i c a l a n d E x p e r i m e n t a l P h y s i c s 
a t M o s c o w — i t w a s b u i l t b y a c o l l a 
b o r a t i o n o f I T E P a n d t h e P . N . L e b e -
d e v P h y s i c a l I n s t i t u t e . 

S t r e a m e r c h a m b e r s a re v i s u a l d e t e c 
t o r s p h o t o g r a p h i n g t h e s t r e a m e r s p r o 
d u c e d i n t h e w a k e o f c h a r g e d p a r t i c l e s . 
T h e s t r e a m e r s a re p r o d u c e d b y a p p l y 
i n g h i g h v o l t a g e p u l s e s a c r o s s t h e 
c h a m b e r v o l u m e s h o r t l y a f t e r t h e 
p a r t i c l e s h a v e p a s s e d . T h i s i n i t i a t e s 
s p a r k s w h e r e i o n i z a t i o n h a s b e e n 
c a u s e d b u t t h e p u l s e s a re k e p t v e r y 
s h o r t s o t h a t t h e s p a r k s d o n o t 
d e v e l o p b u t a re p h o t o g r a p h e d as a 
se r i es o f t i n y s t r e a m e r s a l o n g t h e 
t r a c k s . C o m p a r e d w i t h t h e m o r e 
c o m m o n v i s u a l d e t e c t o r , t h e b u b b l e 
c h a m b e r , i t h a s t h e a d v a n t a g e t h a t t h e 
h i g h v o l t a g e p u l s e n e e d o n l y b e 
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Schematic diagram of the streamer chamber The streamer chamber in the flesh at intersection 
showing the separation into two distinct 1-7 of the ISR. The two units are in place above 
units above and below the ISR beam-pipes, and below the beam level and the lower 45° 
the internal lead oxide box for the identification mirror is suspended at the bottom. On the right 
of gammas, the mirror system for bringing all the is a triggering hodoscope. 
information onto one film, and the triggering 
hodoscopes. 

a p p l i e d w h e n o t h e r d e t e c t o r s ( c o u n 
t e r s ) h a v e i n d i c a t e d t h a t t h e t y p e o f 
e v e n t w h i c h is o f i n t e r e s t i n a p a r t i c 
u l a r e x p e r i m e n t h a s o c c u r r e d . T h i s 
p r e - s e l e c t i o n e n s u r e s t h a t m o s t o f t h e 
p h o t o g r a p h s r e c o r d t h e s o r t o f i n f o r 
m a t i o n w h i c h is r e q u i r e d . 

T h e i n s t a l l a t i o n o f t h e s t r e a m e r 
c h a m b e r a t t h e I S R a i m s t o c a t c h a 
h i g h p r o p o r t i o n o f t h e p a r t i c l e s e m e r g 
i n g f r o m t h e h i g h e n e r g y c o l l i s i o n s . 
I t w a s b u i l t b y t h e M a x P l a n c k 
I n s t i t u t e M u n i c h . S t r i c t l y s p e a k i n g 
t h e r e a re t w o i d e n t i c a l s t r e a m e r c h a m 
b e r s o n e a b o v e a n d o n e b e l o w t h e 
p l a n e o f t h e i n t e r s e c t i n g b e a m s . T h e y 
c o v e r 9 5 % o f t h e s o l i d a n g l e a r o u n d 
t h e b e a m i n t e r s e c t i o n p o s i t i o n a n d 
e a c h h a s a s e n s i t i v e v o l u m e o f 
2 7 0 x 1 2 5 x 5 0 c m 3 . 

T h e r e a re t h r e e p a r a l l e l e l e c t r o d e s 
in e a c h c h a m b e r , t h e t o p a n d b o t t o m 
o n e s b e i n g e a r t h e d a n d t h e c e n t r a l 
o n e r e c e i v i n g t h e h i g h v o l t a g e p u l s e s 
w h i c h i n i t i a t e t h e s t r e a m e r s . C l o s e t o 
t h e v e r t i c a l w a l l s o f t h e c h a m b e r , l e a d 
o x i d e p l a t e s a re i n s e r t e d s o as t o 
' m a t e r i a l i z e ' t h e g a m m a r a y s w h i c h 
c o m e f r o m n e u t r a l p i o n d e c a y s . T h u s 
t h e s t r e a m e r c h a m b e r s c a n a l s o s p o t 
n e u t r a l p a r t i c l e s e m e r g i n g f r o m t h e 
c o l l i s i o n s . T h e t o p o f t h e u p p e r -
c h a m b e r a n d t h e f l o o r o f t h e l o w e r 
c h a m b e r a re w i n d o w s t h r o u g h w h i c h 
a c a m e r a s y s t e m l o o k s v i a t w o 4 5 ° 
m i r r o r s . 

W h e n t h e c h a m b e r s w e r e f i r s t 
o p e r a t e d t h e r e w e r e p r o b l e m s o f 
p i c t u r e q u a l i t y . V e r y h i g h v o l t a g e w a s 
n e e d e d o n t h e c e n t r a l e l e c t r o d e s i n 
o r d e r t o see t h e t r a c k s o f p a r t i c l e s 
w h i c h w e r e t r a v e l l i n g a l m o s t a t r i g h t 
a n g l e s t o t h e e l e c t r i c f i e l d ( t h e d e n s i t y 
o f t h e s t r e a m e r s a l o n g a t r a c k is t h e n 
q u i t e t h i n ) . O n t h e o t h e r h a n d p a r t i c l e s 
t r a v e l l i n g n e a r l y p a r a l l e l t o t h e f i e l d 
( o u t i n t h e d i r e c t i o n t h a t t h e c a m e r a is 
l o o k i n g ) h a v e a h i g h s t r e a m e r d e n s i t y . 
T h e y w e r e a s o u r c e o f f l a r e s w h i c h 
w e r e o b s c u r i n g a l o t o f t h e u s e f u l 
i n f o r m a t i o n in t h e p h o t o g r a p h s . O p e r -

CERN 180.8.73 
45 



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

I m a g e i n t e n s i f i e r s w e r e a d d e d a n d 
t h e y m a d e i t p o s s i b l e t o see t h e ' t h i n ' 
t r a c k s w h i l e o p e r a t i n g a t l o w e r v o l t a g e . 
In a d d i t i o n a n e w t y p e o f f i l m w i t h a 
n o n - r e f l e c t i n g e m u l s i o n r e d u c e d t h e 
p r o b l e m o f t h e f l a res . P i c t u r e q u a l i t y is 
n o w v e r y g o o d a n d c o n d i t i o n s f o r 
r e l i a b l e o p e r a t i o n c a n b e se t u p 
w i t h o u t d i f f i c u l t y . 

T h e s t r e a m e r c h a m b e r s a re b e i n g 
u s e d f o r t w o e x p e r i m e n t s . T h e f i r s t is 
a s t u d y o f m u l t i p l i c i t i e s a n d c o r r e l a 
t i o n s , c o u n t i n g t h e n u m b e r s o f b o t h 
c h a r g e d a n d n e u t r a l p a r t i c l e s a n d 
m e a s u r i n g t h e i r a n g l e s . T h e i n t e r e s t i n 
t h i s s o r t o f i n f o r m a t i o n w a s d e s c r i b e d 
i n t h e las t i s sue — it h a s , f o r e x a m p l e , 
c o n v e y e d a c l e a r p i c t u r e o f t h e c o l l i 
s i o n s as r e s u l t i n g in t h e ' f r a g m e n t a 
t i o n ' o f o n e o r o t h e r p r o t o n o r i n t h e 
d i s i n t e g r a t i o n o f b o t h p r o t o n s i n a 
' c e n t r a l r e g i o n ' c o l l i s i o n w h e n p a r 
t i c l e s f l y o f f i n a l l d i r e c t i o n s . 

C o u n t e r d e t e c t i o n s y s t e m s , s u c h as 
t h a t s e t u p a r o u n d i n t e r s e c t i o n 1-8 b y 
t h e P i s a / S t o n y B r o o k t e a m , h a v e 
g i v e n a f i r s t l o o k a t t h e s e p h e n o m e n a . 
T h e s t r e a m e r c h a m b e r p h o t o g r a p h s 
w i l l c o n t i n u e t h e s a m e j o b b u t w i t h 
m u c h g r e a t e r a b i l i t y t o d i s t i n g u i s h t r u e 
e v e n t s f r o m b a c k g r o u n d e v e n t s a n d 
m u c h b e t t e r s p a t i a l r e s o l u t i o n . La te r , 
t h e S p l i t F i e l d M a g n e t s y s t e m , w i t h 
i ts m u l t i w i r e p r o p o r t i o n a l c h a m b e r s 
a n d i ts m a g n e t i c f i e l d s f o r m o m e n t u m 

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

T h e h i g h v o l t a g e p u l s e is a p p l i e d in 
t h e s t r e a m e r c h a m b e r s a n d a p i c t u r e 
t a k e n w h e n h o d o s c o p e s ( o f d i m e n 
s i o n s 3 x 1 . 5 m 2 l o c a t e d a r o u n d t h e 
d o w n s t r e a m v a c u u m p i p e s ) r e c o r d 
p a r t i c l e s e m e r g i n g f r o m a c o l l i s i o n . 
T h e s e h o d o s c o p e s ' s e e ' 9 5 % o f t h e 
p a r t i c l e s e m e r g i n g f r o m t h e i n e l a s t i c 
c o l l i s i o n s . ( E l a s t i c c o l l i s i o n s w h i c h 
o f t e n d e v i a t e t h e p r o t o n s v e r y l i t t l e 
f r o m t h e i r i n i t i a l p a t h s are e f f i c i e n t l y 
d e t e c t e d o n l y b y g e t t i n g in v e r y c l o s e 
t o t h e c i r c u l a t i n g b e a m s . ) Fo r t h i s 
e x p e r i m e n t , d a t a c a n b e t a k e n j u s t as 
f a s t as t h e c h a m b e r s c a n r e c o v e r f r o m 
t h e p r e v i o u s t r i g g e r a n d p i c t u r e s a re 
t a k e n a t t h e ra te o f o n e e v e r y t w o 
s e c o n d s . 

T h e s e c o n d e x p e r i m e n t l o o k s a t 
p a r t i c l e s e m e r g i n g w i t h h i g h t r a n s 
v e r s e m o m e n t u m . T h e h i g h ra te a t 
w h i c h s u c h p a r t i c l e s are p r o d u c e d h a s 
b e e n o n e o f t h e s u r p r i s e s c o m i n g 
f r o m w o r k a t t h e I S R a n d h a s 
i n d i c a t e d s o m e s u b s t r u c t u r e in t h e 
p r o t o n — p o s s i b l y p o i n t - l i k e o b j e c t s 
g i v e n t h e n a m e o f p a r t o n s . T h e p a r t o n 
i d e a s u g g e s t s t h a t w h e n s u c h a h i g h 
t r a n s v e r s e m o m e n t u m p a r t i c l e is p r o 
d u c e d i t w i l l b e a c c o m p a n i e d b y a 
s p r a y , o r j e t , o f o t h e r p a r t i c l e s i n t h e 
s a m e d i r e c t i o n a n d o n t h e o p p o s i t e 
s i d e . 

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

Photograph taken in the streamer chamber. It 
records a proton-proton collision producing 
fourteen charged particles (annotated 1 to 14 in 
the diagram of the event given below), which 
recorded as streamers in the main body of the 
chamber, and at least five neutral particles 
(annotated a to e) which materialized due to 
the presence of the lead oxide converter. 

t i m e t h e h i g h v o l t a g e p u l s e is t r i g 
g e r e d b y t h e d e t e c t i o n o f a h i g h 
m o m e n t u m ( o v e r 2 . 5 G e V / c ) g a m m a 
ray e m e r g i n g a t n e a r r i g h t a n g l e s t o t h e 
b e a m d i r e c t i o n s . T h e g a m m a is d e t e c 
t e d in t h e l e a d g l a s s C h e r e n k o v h o d o -
s c o p e p r e v i o u s l y u s e d b y t h e A a c h e n / 
C E R N / T o r i n o c o l l a b o r a t i o n . T h e y a re 
c o m p a r a t i v e l y fa re e v e n t s a n d a re 
p h o t o g r a p h e d a t t h e ra te o f a b o u t o n e 
e v e r y t e n s e c o n d s as t h e y o c c u r . T h e 
r e s u l t i n g p i c t u r e s s h o u l d r e c o r d t h e 
j e t s c o m i n g o f f i n b o t h d i r e c t i o n s , i f 
t h e y e x i s t , a n d p r o v i d e m u c h m o r e 
i n f o r m a t i o n o n t h e s e p h e n o m e n a t h a n 
w a s e v e r p o s s i b l e b e f o r e . 

T h e f i l m is b e i n g m e a s u r e d a n d 
a n a l y s e d a t t h e f o u r l a b o r a t o r i e s 
p a r t i c i p a t i n g i n t h e e x p e r i m e n t s — 
A a c h e n , C E R N , H e i d e l b e r g a n d t h e 
M a x P l a n c k I n s t i t u t e a t M u n i c h . T h e y 
a re l i k e l y t o c o n t i n u e t a k i n g d a t a 
t h r o u g h o u t m o s t o f 1 9 7 4 . 

Responding to 
the energy problems 
T h e e n e r g y p r o b l e m s w h i c h h a v e a r i sen 
in r e c e n t m o n t h s h a v e o b v i o u s l y h a d 
t h e i r e f f e c t s a t C E R N a l s o a n d a n u m 
b e r o f s h o r t a n d m e d i u m - t e r m m e a s 
u r e s h a v e b e e n t a k e n . T h e i m m e d i a t e 
a p p l i c a t i o n o f t h e s e m e a s u r e s h a s 
g i v e n s a t i s f a c t o r y r e s u l t s , t h e i r e f f e c t s 
v a r y i n g a c c o r d i n g t o t h e f i e l d i n v o l v e d : 
h e a t i n g , t h e o p e r a t i o n o f m o t o r - g e n 
e r a t o r s e t s , t h e u s e o f e l e c t r i c i t y a n d 
f u e l c o n s u m p t i o n . 

I n 1 9 7 3 , t h e h e a t i n g a n d a i r - c o n d i 
t i o n i n g i n s t a l l a t i o n s a t L a b o r a t o r y I 
c o n s u m e d s o m e 1 0 0 0 0 t o n s o f h e a v y 
f u e l o i l . T h e m e a s u r e s t a k e n a f f e c t 
o n l y t h e h e a t i n g o f t h e o f f i c e s , l a b o 
r a t o r i e s , h a l l s a n d w o r k s h o p s w h e r e 
t h e a m b i e n t t e m p e r a t u r e h a s b e e n 
r e d u c e d f r o m 2 2 t o 2 0 ° C d u r i n g t h e 
d a y a n d t o a b o u t 1 5 ° C a t n i g h t a n d 
o n p u b l i c h o l i d a y s . T h e s a v i n g h a s 
b e e n o f t h e o r d e r o f 1 0 t o 1 5 %. 
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A whole new series of correction magnets has 
been installed at the proton synchrotron. They 
are more powerful than their predecessors and 
more resistant to radiation. As seen in the photo 
graph they can be maintained without opening 
the machine vacuum system. 

A w o r k i n g g r o u p h a s b e e n s e t u p t o 

l o o k i n t o t h e p o s s i b i l i t i e s o f r e c o v e r i n g 

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

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

t h i s w a t e r is n o t v e r y h i g h ( a r o u n d 

4 0 ° C o n a n a v e r a g e ) a n d t h e i n s t a l l a 

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

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

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

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

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

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

t h i s t y p e o f o i l u s e d a t C E R N i n 1 9 7 3 

w a s 5 0 0 0 t o n s f o r t h r e e d i e s e l s e t s , 

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

7 M V A . T h e s e t s s u p p l y p o w e r t o t h e 

i n s t a l l a t i o n s w h e r e s a f e t y is a m a j o r 

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

g e n i c m a g n e t s , v a c u u m s y s t e m s , e t c . ) . 

I t w i l l b e p o s s i b l e t o m a k e a s a v i n g o f 

2 5 % b y m o d i f y i n g t h e s a f e t y n e t w o r k . 

S i n c e m i d - F e b r u a r y , f o r e q u i p m e n t 

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

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

g e n c y n e t w o r k is i n o p e r a t i o n . 

C o n s u m p t i o n o f e l e c t r i c p o w e r i n 

1 9 7 3 w a s 2 2 0 m i l l i o n k W h . S t e p s 

h a v e a l r e a d y b e e n t a k e n t o r e d u c e t h e 

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

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

r e m o v e d f r o m c o r r i d o r s , e t c . N e w 

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

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

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

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

o f o p e r a t i o n . 

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

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

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

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

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

b e c u t t o 5 0 A o r l e s s . D u r i n g l o n g e r 

s t o p s ( 1 2 h o u r s o r m o r e ) a l l t h e s e 

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

I n g e n e r a l b e a m e q u i p m e n t w i l l n o t 

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

C E R N u s e s a t o t a l o f 3 5 0 o f f i c i a l 

v e h i c l e s : c a r s , m i n i - b u s e s , l o r r i e s , 

f o r k l i f t t r u c k s , A T V ' s ( a l l - t e r r a i n v e h i 

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

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

s o m e 2 0 % o f p e t r o l , is b e i n g s u c c e s s 

f u l l y i m p l e m e n t e d . 

A t p r e s e n t , C E R N ' s f u e l r e s e r v e s 

a r e r e l a t i v e l y l i m i t e d . S t o r a g e c a p a 

c i t y f o r h e a v y o i l is 2 2 5 0 m 3 w h i c h 

r e p r e s e n t s , i n W i n t e r , a r e s e r v e o f 

l e s s t h a n t h r e e w e e k s . A p r o j e c t 

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

t i o n a l h e a v y f u e l o i l t a n k s is b e i n g 

e x a m i n e d . T h e m o s t w o r r y i n g q u e s 

t i o n is n o t t h a t o f t h e r e l i a b i l i t y o f 

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

d i f f e r e n t t y p e s o f f u e l . T h i s j u s t i f i e s t h e 

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

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

t a k e n a t t h e e n d o f l a s t y e a r . 

Magnets galore. 
A n o t h e r u n s u n g a s p e c t o f t h e P S 

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

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

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

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

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

i n t e n s i t i e s a n d r e p e t i t i o n r a t e s . 

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

i n t h e 1 9 5 0 ' s w h e n b e a m s h u n d r e d s 

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

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

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

d e c e s s o r s w h i c h w e r e b e i n g s q u e e z e d 

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

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

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

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

s t a n d h i g h r a d i a t i o n l e v e l s . I n s t a l l a 

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

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

o p e n i n g t h e m a c h i n e v a c u u m c h a m 

b e r . 

T h e n e w a u x i l i a r y m a g n e t s y s t e m 

n o w c o n s i s t s o f 3 3 d i p o l e s , 9 3 q u a d r u -

p o l e s , 1 6 s e x t u p o l e s a n d 8 o c t u p o l e s . 

I n o n e y e a r ' s t i m e 1 2 d i p o l e s , 8 q u a -

d r u p o l e s a n d 1 6 s e x t u p o l e s w i l l b e 

a d d e d i n o r d e r t o c o p e w i t h t h e h i g h 
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On 5 February, Mr. Lennart Sandgren, Sweden's 
Under Secretary of State for Education, visited 
CERN's Laboratories. He is photographed here 
(second from the left) at the bottom of Pit No. 2 
while taking a look at the SPS tunnel. 

Because of the potential explosive dangers of 
large volumes of hydrogen, bubble chamber 
buildings are of specially light construction. 
The fierce winds of 6 February (gusting up to 
130 km/h) took advantage of this and stripped 
away large sections of the building housing the 
3.7 m European bubble chamber, BEBC. 
Fortunately, apart from the building, very little 
damage was caused. 

i n t e n s i t y b e a m a n d t h e c o n t i n u o u s 
t r a n s f e r e j e c t i o n t o w a r d s t h e S P S . 

O u t s i d e t h e P S t u n n e l , a s i m i l a r l y 
g r o w i n g n u m b e r o f n e w s t a t i c p o w e r 
s u p p l i e s h a s r e p l a c e d t h e o r i g i n a l 
r o t a t i n g a m p l i f i e r s . T h e i r o u t p u t p u l s e s 
a re f a s t e r , s t r o n g e r a n d m o r e p r e c i s e . 
A d e q u a t e c o m p u t e r c o n t r o l w i l l b e 
i n t r o d u c e d i n t h e c o m i n g y e a r s i n l i n e 
w i t h t h e t r e n d t o w a r d s m o r e f l e x i b l e 
p r o g r a m m i n g o f t h e P S . A l s o b e h i n d 
t h e s c e n e s , t h e m a i n t e n a n c e o f t h i s 
w i d e l y s p r e a d s y s t e m h a s t o b e 
o r g a n i z e d t o e n s u r e t h a t b r e a k d o w n 
t i m e is b e l o w 0.1 %. 

ERASME 
E R A S M E is a n i n s t r u m e n t d e v e l o p e d 
a t C E R N f o r t h e a n a l y s i s o f f i l m f r o m 
t h e 3 . 7 m b u b b l e c h a m b e r , B E B C . I t 
is p l a n n e d t o b u i l d f i v e E R A S M E u n i t s 
i n a l l . T h e n o v e l f e a t u r e o f t h e 
s y s t e m is t h a t i t c a n p e r f o r m t h e f u l l 
s e q u e n c e o f o p e r a t i o n s ( s c a n n i n g a n d 
m e a s u r e m e n t ) w h i c h in o t h e r s y s t e m s 
h a v e b e e n c a r r i e d o u t as s e v e r a l 
s e p a r a t e s t e p s . I n v i e w o f t h e d i f f i 
c u l t d e s i g n p r o b l e m s a n d p o o r e f f i 
c i e n c y o f a f u l l y a u t o m a t e d i n s t r u 
m e n t , p r e f e r e n c e h a s b e e n g i v e n t o a 
b r o a d a p p l i c a t i o n o f t h e p h i l o s o p h y 
o f o p e r a t o r i n t e r v e n t i o n in b o t h t h e 
s c a n n i n g a n d m e a s u r e m e n t s t a g e s . 

T h e o p e r a t o r s o f E R A S M E u n i t s 
w i l l b e a b l e t o s e a r c h f o r i n t e r e s t i n g 
e v e n t s ( s c a n t h e f i l m ) u s i n g o p t i c a l 
p r o j e c t i o n f a c i l i t i e s a n d t h e n t o r e q u e s t 
t h e m e a s u r e m e n t o f t h e s e e v e n t s b y 
m e a n s o f p r e c i s i o n C R T d i g i t i z e r s 
i n c o r p o r a t e d i n t h e u n i t s . E a c h u n i t 
w i l l a l s o c o n t a i n t w o d i s p l a y s w h e r e b y 
t h e o p e r a t o r c a n c o r r e c t o r a i d t h e 
m e a s u r i n g p r o c e s s a n d t h e s u b s e q u e n t 
a n a l y s i s o f t h e r e s u l t a n t d a t a . 

E R A S M E r e q u i r e s a n e x t e n s i v e a n d 
h i g h l y v e r s a t i l e c o m p u t e r s y s t e m . T h e 
f o c a l p o i n t o f t h e c o m p l e x is a P D P - 1 0 
c o m p u t e r w i t h a s t o r e w h i c h h a s j u s t 



1. One of the ERASME units for scanning and 
measuring film from BEBC. In the foreground is 
the film transport system and the high precision 
cathode ray tube. The operator sits at a 
projection table with display screens on his right 
and controls on his left. In the photograph, the 
control panel can be seen reflected in the 
overhead mirror. 

2. The PDP-10 computer which will be used by 
all five of the ERASME scanning and measuring 
units. 

b e e n i n c r e a s e d b y 6 4 K w o r d s t o 
1 6 0 K w o r d s o f 3 6 - b i t c o r e . T h e c o m 
p u t e r is a l s o e q u i p p e d w i t h 1 5 M 
w o r d s o f d i s k s t o r e . E a c h s c a n n i n g 
a n d m e a s u r i n g u n i t h a s i ts o w n P D P -
11 c o m p u t e r , w i t h 8 K w o r d s o f 1 6 - b i t 
m e m o r y , l i n k e d t o t h e P D P - 1 0 b y a n 
i n t e r f a c e . 

O f t h e f i v e u n i t s p l a n n e d , t w o a re 
n o w r u n n i n g . T h e f i r s t c a m e i n t o o p e r 
a t i o n in t h e a u t u m n o f 1 9 7 2 . S i n c e n o 
70- m m f i l m w a s a v a i l a b l e f r o m B E B C 
a t t h a t t i m e ( t h e c h a m b e r w a s n o t y e t 
in o p e r a t i o n ) i t w a s m o d i f i e d t o t a k e 
t h e 5 0 m m f i l m f r o m t h e 2 m c h a m b e r . 
It w a s t h u s p o s s i b l e t o t e s t t h e q u a l i t y 
o f t h e i n s t r u m e n t a n d p e r f e c t t h e n e c 
essa ry p r o g r a m s . A t p r e s e n t t h e o n - l i n e 
g e o m e t r i c r e c o n s t r u c t i o n o f e v e n t s 
is b e i n g i n c o r p o r a t e d i n t o t h e s y s t e m . 
T h e s e t e s t s a re n o w d r a w i n g t o a 
c l o s e a n d t h e u n i t h a s m e a s u r e d a b o u t 
1 0 0 0 0 e v e n t s w i t h e x c e l l e n t r e s u l t s 
c o m p a r e d w i t h o t h e r m a c h i n e s . 

T h e s e c o n d u n i t , w h i c h w a s c o m 
p l e t e d las t s u m m e r , h a s b e e n a n a l y z 
i n g t h e f i r s t p i c t u r e s f r o m B E B C a n d 
b e c o m i n g a c q u a i n t e d w i t h t h e p e c u l i 
a r i t i es o f t h i s c h a m b e r : f i s h e y e o p t i c s 
a n d l o w c o n t r a s t t r a c k i m a g e s a g a i n s t a 
d a r k b a c k g r o u n d . M o r e o v e r , a l t h o u g h 
t h e c o n t r a s t o f t h e t r a c k s a g a i n s t t h e 
b a c k g r o u n d r e m a i n s t h e s a m e , t h e 
b a c k g r o u n d i t se l f is n o t u n i f o r m in a n y 
o n e e x p o s u r e . T o o f f s e t t h i s , t h e p h o t o -
m u l t i p l i e r ' s g a i n is c o n t r o l l e d a u t o m a 
t i c a l l y , a n d t h e d i s c r i m i n a t i o n t h r e s h 
o l d is a d j u s t e d v i a t h e P D P - 1 1 as 
a f u n c t i o n o f t h e a rea s c a n n e d b y t h e 
C R T l i g h t s p o t . 

T h e t h i r d u n i t w i l l b e r e a d y a t t h e 
e n d o f M a r c h . I t w a s t o h a v e b e e n 
f i n i s h e d b y t h e e n d o f 1 9 7 3 b u t t h e 
c a t h o d e ray t u b e p r o v e d d e f e c t i v e a n d 
h a d t o b e r e p l a c e d . S o m e a l t e r a t i o n s 
h a v e b e e n m a d e t o t h i s u n i t , c o m p a r e d 
w i t h t h e f i r s t t w o u n i t s , i n o r d e r t h a t 
i t c a n a n a l y z e B E B C f i l m a n d a l s o f i l m 
f r o m t h e 2 m c h a m b e r . S i m i l a r a l t e r 
a t i o n s w i l l b e m a d e t o t h e n e x t t w o 
u n i t s , a n d al l t h r e e w i l l t h e n b e a b l e t o 
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Returned from Sac/ay, the 50 m3 Cherenkov 
counter now doubled in size for use with the 
Omega spectrometer. The counter stands 3.5 m 
high; its maximum width is 6.7 m and maximum 
depth 3.9 m. 

s w i t c h q u i c k l y f r o m o n e t y p e o f f i l m 
t o t h e o t h e r . T h e f o u r t h u n i t is n o w 
b e i n g a s s e m b l e d a n d w i l l b e r e a d y 
t h i s s u m m e r : t h e f i f t h a n d las t u n i t is 
d u e t o b e c o m m i s s i o n e d a t t h e e n d o f 
t h e yea r . 

T h e E R A S M E s y s t e m h a s b e e n w e l l 
t e s t e d a n d is r e a d y t o a n a l y z e t h e 
f i l m w h i c h w i l l c o m e f r o m B E B C . 

Omega Cherenkov 
counter doubled 
F o r i ts f u t u r e e x p e r i m e n t s , t h e O m e g a 
s p e c t r o m e t e r w i l l b e f i t t e d w i t h a 
C h e r e n k o v c o u n t e r o f t w i c e t h e v o 
l u m e i t h a s h a d u p t o n o w . T h e n e w 
C h e r e n k o v w i l l c o v e r t h e w h o l e o f t h e 
h o r i z o n t a l a p e r t u r e o f t h e m a g n e t . 

T h e C h e r e n k o v c o u n t e r , w h i c h w a s 
i n s t a l l e d in 1 9 7 2 , e f f e c t i v e l y c o v e r e d 
h a l f t h e m a g n e t a p e r t u r e . I t h a d a v o 
l u m e o f 2 5 m 3 a n d w a s b u i l t a t S a c l a y . 
S a c l a y t e a m s p a r t i c i p a t e d in t h e f i r s t 
e x p e r i m e n t s u s i n g O m e g a p l u s t h e 
c o u n t e r — a s t u d y o f b a r y o n e x c h a n g e 
( i n c o l l a b o r a t i o n w i t h C E R N , E T H , 

F r e i b u r g a n d K a r l s r u h e ) a n d a s t u d y o f 
b a r y o n - a n t i b a r y o n p r o d u c t i o n ( i n c o l 
l a b o r a t i o n w i t h G l a s g o w ) . 

T h i s c o u n t e r w a s u s e d w i t h O m e g a 
u p t o t h e las t m i n u t e b e f o r e t h e PS 
s h u t d o w n i n t h e m i d d l e o f D e c e m b e r 
a n d w a s t h e n u p r o o t e d in a s i n g l e d a y 
a n d r e t u r n e d t o Par is . S a c l a y f i n a n c e d 
a n d b u i l t t h e a d d i t i o n a l C h e r e n k o v 
c o u n t e r s e c t i o n a n d t h e c o m p l e t e d 
c o u n t e r w a s r e t u r n e d t o C E R N o n 
7 F e b r u a r y . 

A s y m m e t r i c a l s e c t i o n h a s b e e n 
w e l d e d t o t h e e x i s t i n g c o u n t e r t h u s 
d o u b l i n g i ts v o l u m e t o 5 0 m 3 . I t 
w e i g h s a b o u t t e n t o n s . T h e a rea o f t h e 
m i r r o r s h a s b e e n d o u b l e d a n d t h e r e 
a re t h i r t y - t w o p h o t o m u l t i p l i e r s ( i n 
t w o r o w s o f s i x t e e n ) . W h i l e t h i s m o d i 
f i c a t i o n w a s b e i n g m a d e , t h e g a s p r e s 
s u r e r e g u l a t i n g s y s t e m w a s i m p r o v e d . 
F i l l ed w i t h i s o b u t a n e at a t m o s p h e r i c 
p r e s s u r e , t h e c o u n t e r h a d p r o v e d v e r y 
s e n s i t i v e t o e x t e r n a l p r e s s u r e a n d 
t e m p e r a t u r e f l u c t u a t i o n s . 

A t e a m f r o m S a c l a y is r e i n s t a l l i n g 
t h e c o u n t e r a t O m e g a a n d i t w i l l b e 
r e a d y f o r o p e r a t i o n a g a i n b y t h e b e 
g i n n i n g o f M a r c h . T h e p h y s i c i s t s w i l l 
t h e n b e a b l e t o c a r r y o u t e x p e r i m e n t s 
g i v i n g f u l l e r r e s u l t s s i n c e t h e c o u n t e r 
n o w c o v e r s t h e w h o l e o f t h e s o l i d 
a n g l e a v a i l a b l e d o w n s t r e a m o f t h e 
m a g n e t . 

Around 
the 
Laboratories 

DARESBURY 
NSF go ahead 
A u t h o r i s a t i o n h a s b e e n r e c e i v e d f o r 
t h e c o n s t r u c t i o n o f a ' N u c l e a r S t r u c 
t u r e F a c i l i t y ' a t t h e D a r e s b u r y L a b o 
r a t o r y . T h e N S F h a s b e e n u n d e r s t u d y 
a t t h e L a b o r a t o r y a n d a t o t h e r i n t e r 
e s t e d r e s e a r c h c e n t r e s a n d U n i v e r s i 
t i e s i n t h e U K f o r seve ra l y e a r s . It w i l l 
b e a t a n d e m V a n d e G r a a f f c a p a b l e o f 
s u s t a i n i n g 3 0 M V o n i ts c e n t r a l t e r 
m i n a l , m a k i n g in t h e h i g h e s t e n e r g y 
m a c h i n e o f i ts t y p e in t h e w o r l d . 

T h e a c c e l e r a t o r w a s d e s c r i b e d in 
v o l . 1 3 , p a g e 1 5 0 . I t w i l l b e m o u n t e d 
v e r t i c a l l y w i t h a n i o n s o u r c e p l a t f o r m a t 
t h e t o p c a p a b l e o f s u p p l y i n g m a n y v a 
r i e t i es o f i o n . T h e s tee l p r e s s u r e v e s s e l 
w i l l s t a n d 4 3 m h i g h a n d b e 9 m 
in d i a m e t e r c o n t a i n i n g 1 1 0 t o n s o f 
i n s u l a t i n g g a s ( s u l p h u r h e x a f l u o r i d e ) . 
A m o n g t h e n o v e l a s p e c t s o f t h e d e s i g n 
a re a n e w t y p e o f c h a r g i n g s y s t e m , 
k n o w n as t h e L a d d e r t r o n , w h i c h is 
c a p a b l e o f c a r r y i n g h i g h c u r r e n t s i n 
s t a b l e a n d c l e a n c o n d i t i o n s , a n d a 
l i g h t l i n k o p e r a t i n g a t 1 0 M H z w h i c h 
c a n c o n v e y s i g n a l s f r o m e a r t h p o t e n 
t i a l t o a p p a r a t u s a t t h e h i g h v o l t a g e 
t e r m i n a l w i t h o u t v o l t a g e i n s u l a t i o n 
p r o b l e m s . 

T h e p r e s s u r e v e s s e l w i l l b e h o u s e d 
in a b u i l d i n g 7 0 m h i g h a n d i t w a s t h i s 
t o w e r w h i c h r e q u i r e d a s p e c i a l i n v e s 
t i g a t i o n b y t h e D e p a r t m e n t o f t h e 
E n v i r o n m e n t , d e l a y i n g t h e p r o j e c t 
f o r m a n y m o n t h s u n t i l a u t h o r i s a t i o n a t 
t h e b e g i n n i n g o f t h i s yea r . A n e x p e r 
i m e n t a l a rea f a n s o u t a t t h e b a s e o f 
t h e t o w e r a n d t h e r e is s p a c e f o r t h e 
a d d i t i o n o f a l i n e a r a c c e l e r a t o r o r a 
c y c l o t r o n , i f t h e p h y s i c s p r o g r a m m e 
s h o u l d ca l l f o r t h i s a t a l a te r d a t e . 

A b o u t e i g h t y p h y s i c i s t s f r o m t h e 
U K U n i v e r s i t i e s a re e x p e c t e d t o b e 
a t t r a c t e d b y t h e r e f i n e d s t u d i e s o f 
n u c l e a r p r o p e r t i e s w h i c h t h e N u c l e a r 
S t r u c t u r e F a c i l i t y w i l l m a k e p o s s i b l e 
a n d t h e p a r t i c i p a t i o n o f p h y s i c i s t s 
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f r o m e l s e w h e r e in E u r o p e w i l l a l s o b e 
e n c o u r a g e d . T h e f i r s t c o n t r a c t s a re 
n o w b e i n g p l a c e d a n d m a j o r b u i l d i n g 
w o r k s h o u l d b e g i n i n t h e S p r i n g . 
C o n s t r u c t i o n a n d c o m m i s s i o n i n g are 
e x p e c t e d t o t a k e f o u r a n d a h a l f y e a r s . 

BERKELEY 
Mini superconducting 
synchrotron project 
T h e c o n s t r u c t i o n o f a s m a l l s u p e r 
c o n d u c t i n g s y n c h r o t r o n h a s b e e n 
p r o p o s e d a t t h e L a w r e n c e B e r k e l e y 
L a b o r a t o r y . In i ts e a r l y d a y s , i t w a s 
k n o w n as t h e ' M i n i ' p r o j e c t ; m o r e 
r e c e n t l y i t h a s a c q u i r e d t h e less d i m i n 
i s h i n g n a m e o f E S C A R f o r E x p e r i 
m e n t a l S u p e r c o n d u c t i n g A c c e l e r a t o r 
R i n g . T h e a i m o f t h e e x e r c i s e is t o 
c h e c k o u t t h e u s e 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 a t r u e a c c e l e r a t o r e n v i r o n 
m e n t s o as t o g o i n t o t h e l a r g e s u p e r 
c o n d u c t i n g a c c e l e r a t o r / s t o r a g e r i n g 
c o m p l e x e s , w h i c h a re n o w u n d e r 
d i s c u s s i o n , w i t h m o r e i n f o r m a t i o n , 
m o r e e x p e r i e n c e a n d m o r e c o n f i d e n c e . 

T h e d e s i g n a l s o a i m s t o m a k e i t 
p o s s i b l e t o s t o r e h i g h i n t e n s i t y b e a m s , 
s i n c e t h i s is a n o t h e r i m p o r t a n t p a r a 
m e t e r o f t h e l a r g e c o m p l e x e s , a n d 
i n c o r p o r a t e s p r o v i s i o n f o r s t u d y i n g 
m a c h i n e p e r f o r m a n c e i n g r e a t d e t a i l . 
A l t h o u g h t h e a c c e l e r a t o r h a s b e e n 
c o n c e i v e d w h o l e l y a n d e n t i r e l y t o 
a n s w e r t h e s e i m p o r t a n t q u e s t i o n s o f 
m a c h i n e p h y s i c s , t h e c o m m u n i t y w h o 
u s e a c c e l e r a t e d p a r t i c l e s a re k n o w n 
t o b e o c c a s i o n a l l y s c r a t c h i n g t h e i r 
h e a d s a b o u t p o s s i b l e u s e s o f E S C A R . 
T h e v e r y h i g h v a c u u m , f o r e x a m p l e , 
c o u l d h e l p p r e s e r v e h i g h l y i o n i z e d 
h e a v y i o n s w h i c h w i l l b e a r o u n d i n 
c o n n e c t i o n w i t h t h e B e v a l a c p r o j e c t . 
S u c h i o n s n e e d a h i g h e r v a c u u m t h a n 
in c o n v e n t i o n a l a c c e l e r a t o r s . 

E S C A R w o u l d b e f e d w i t h p r o t o n s 
b y t h e 5 0 M e V l i n a c ( l a t e o f B r o o k -
h a v e n ) a n d w o u l d b e l o c a t e d a t t h e 

A model of the nuclear structure facility to be 
built at the Daresbury Laboratory. The tower, 
70 m high, will house a tandem Van de Graaff 
with up to 30 MV on its central terminal. 
Accelerated ions will be deflected to experiments 
in the semi-circular building at the foot of the 
tower. 

(Photo Daresbury) 

Layout of the 4 GeV superconducting 
synchrotron, ESCAR, which may be built at 
Berkeley. The ring has a radius of about 14 m. 
The injection point from the 50 MeV linac is at the 
bottom right of the diagram. 
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7. Installation of Wideroe tank number 4 for 
the heavy ion accelerator being built at 
Darmstadt. 

2. Assembly of the drift tubes in a Wideroe tank. 

Late news : It was announced on 
11 February that ESCAR 
(now listed as a 5 GeV machine) 
has been approved in President 
Nixon's AEC budget for fiscal year 
1975. 

b a c k e n d o f t h e B e v a t r o n e x p e r i m e n t a l 
ha l l ( t h u s a v o i d i n g t h e c o s t s o f n e w 
b u i l d i n g s a n d t h e p r o v i s i o n o f p o w e r 
a n d w a t e r s u p p l i e s ) c l o s e t o w h e r e 
t h e l i n a c h a s b e e n i n s t a l l e d . T h e a c c e l 
e r a t o r w o u l d h a v e s u p e r c o n d u c t i n g 
b e n d i n g m a g n e t s t o g i v e a p e a k f i e l d 
o f 4 . 5 T d i s t r i b u t e d i n a r i n g o f 1 4 m 
r a d i u s w i t h f o u r 6 m l o n g s t r a i g h t 
s e c t i o n s — o n e f o r i n j e c t i o n , o n e f o r 
t h e r.f. a c c e l e r a t i n g c a v i t i e s a n d t w o 
f o r e q u i p m e n t f o r m a c h i n e e x p e r i 
m e n t s . T h i s l a y o u t c a n g i v e a p e a k 
e n e r g y o f j u s t o v e r 4 G e V . 

T h e m a g n e t s are ' s e p a r a t e d f u n c t i o n ' 
w i t h se ts o f q u a d r u p o l e s ( f i e l d g r a 
d i e n t s u p t o 2 0 T / m ) t o p r o v i d e t h e 
n e c e s s a r y f o c u s i n g . T r a n s i t i o n e n e r g y 
is se t a b o v e 4 G e V t o a v o i d i n t r o d u c i n g 
a d d i t i o n a l c o m p l i c a t i o n s e s p e c i a l l y 
w i t h a h i g h i n t e n s i t y b e a m — it is 
h o p e d t o a c c e l e r a t e 5 > < 1 0 1 2 p r o t o n s 
u s i n g i n j e c t i o n a n d s t a c k i n g o v e r 
t w e l v e t u r n s . A n o t h e r p r o b l e m o f 
h a v i n g a h i g h i n t e n s i t y b e a m i n a n 

e x p e r i m e n t a l a c c e l e r a t o r is w h a t t o d o 
w i t h it w h e n it has l i v e d t h r o u g h i ts 
p u l s e c y c l e t o f u l l e n e r g y . T o a v o i d 
b u i l d i n g u p h i g h r a d i o a c t i v i t y i n t h e 
m a c h i n e c o m p o n e n t s d u r i n g n o r m a l 
o p e r a t i o n , t h e b e a m w o u l d b e d e c e l 
e r a t e d a n d d u m p e d a t a l o w e n e r g y 
( b e l o w 1 5 0 M e V ) . T h e p u l s e ra te is 
se t a t a b o u t s i x p e r m i n u t e w i t h a 
f i e l d r ise t i m e o f 5 s o r l o w e r . 

T h e b e n d i n g m a g n e t s w o u l d b e 
i n s t a l l e d in pa i r s in c r y o s t a t s 3 . 2 m 
l o n g , e a c h pa i r g i v i n g a 4 5 ° b e n d . 
S e t s o f q u a d r u p o l e s ( f o u r i n e a c h 2 m 
l o n g c r y o s t a t ) w o u l d t h e n f l a n k t w o 
b e n d i n g m a g n e t c r y o s t a t s . T h e s t r a i g h t 
s e c t i o n s w o u l d a l s o b e m a i n t a i n e d 
a t s u p e r c o n d u c t i n g t e m p e r a t u r e r e 
q u i r i n g a r e f r i g e r a t i o n s y s t e m o f s o m e 
t h i n g l i ke t w o 1 k W h e l i u m r e f r i g e r a 
t o r s . T h i s w o u l d g i v e e x c e l l e n t c o n d i 
t i o n s f o r c r y o - p u m p i n g a r o u n d t h e 
w h o l e r i n g w i t h t h e p o s s i b i l i t y o f a 
v a c u u m o f t h e o r d e r o f 1 0 ~ 1 1 t o r r . 

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

s u p e r c o n d u c t i n g s y n c h r o t r o n is a b o l d 
s t e p b u t o n e w h i c h n e e d s t o b e f a c e d 
if t h e p r o m i s e o f s u p e r c o n d u c t i v i t y is 
e v e r t o b e r e a l i z e d . A l s o , i t w o u l d c e r 
t a i n l y n o t b e t h e f i r s t t i m e t h a t B e r k e l e y 
h a s b e e n p i o n e e r i n g . E u r o p e a n L a b o 
r a t o r i e s , w h i c h h a d a h e a d s ta r t i n 
d e v e l o p i n g s u p e r c o n d u c t i n g m a g n e t s 
a p p r o p r i a t e f o r u s e in a s y n c h r o t r o n , 
s t i l l s e e m a l o n g w a y f r o m c o n f r o n t i n g 
a c o m p a r a b l e p r o j e c t e v e n o f m i n i 
s ize . 

I t is e s t i m a t e d t h a t , b y m a k i n g use o f 
m a n y o f t h e e x i s t i n g f a c i l i t i e s a t t h e 
B e v a t r o n , t h e c o s t o f b u i l d i n g E S C A R 
c a n b e h e l d t o a b o u t $ 5 m i l l i o n . M o n e y 
h a s b e e n r e q u e s t e d f r o m t h e A E C s o 
t h a t a s ta r t c o u l d b e m a d e t h i s yea r . 
F i rs t o p e r a t i o n c o u l d t h e n b e i n 1 9 7 6 . 
B e c a u s e o f t h e i m p o r t a n c e o f s p r e a d 
i n g w i d e l y t h e k n o w l e d g e w h i c h 
w o u l d e m e r g e f r o m s u c h a p i l o t 
s u p e r c o n d u c t i n g a c c e l e r a t o r , t h e A E C 
h a s se t u p a n a d v i s o r y b o a r d f o r 
E S C A R w i t h r e p r e s e n t a t i v e s f r o m a l l 
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Beautiful photograph taken inside the first 
Alvarez-type tank which follows the Wideroe 
structure. The two stems ho/ding each drift tube 
are reflected in the polished copper walls of the 
tank. The beam will, of course, pass through 
the centra/ hole in the drift tubes. 

(Photos GSI, Darmstadt) 

t h e m a j o r h i g h e n e r g y p h y s i c s L a b o 
r a t o r i e s i n t h e U S A . T h i s is a s i g n t h a t 
t h e p r o j e c t is b e i n g t a k e n v e r y 
s e r i o u s l y . 

DARMSTADT 
UNILAC progress 
T h e f i r s t u n i t s h a v e b e e n i n s t a l l e d f o r 
t h e h e a v y i o n a c c e l e r a t o r , U N I L A C , 
a t t h e G e s e l l s c h a f t f u r S c h w e r i o n e n -
f o r s c h u n g , G S I , D a r m s t a d t . M a j o r 
f e a t u r e s o f t h e a c c e l e r a t o r w e r e d e s 
c r i b e d i n v o l . 1 3 , p a g e 1 9 0 . I t is 
m e a n t t o b e a v e r s t a t i l e s o u r c e o f 
h e a v y i o n s c a p a b l e o f a c c e l e r a t i n g 
b e a m s o f h i g h i n t e n s i t y . W i t h i n t i a l 
a i m s o f a c c e l e r a t i n g i o n s u p t o x e n o n 
w i t h i n t e n s i t i e s a r o u n d 1 0 1 1 p e r s e c o n d 
a n d e n e r g i e s i n t h e r a n g e 3 . 6 t o 5 . 9 
M e V p e r a . m . u . , t h e m a c h i n e is s c h e d 
u l e d t o c o m e i n t o o p e r a t i o n a t t h e 
e n d o f t h i s y e a r . W h e n f u r t h e r i m p r o 
v e m e n t s a r e m a d e , s u c h a s t h e a d d i 
t i o n o f m o r e r.f. p o w e r , i t is h o p e d t o 
r e a c h e n e r g i e s u p t o 1 0 . 2 M e V p e r 
a . m . u . a n d i n t e n s i t i e s u p t o 1 0 1 4 i o n s 
p e r s e c o n d f o r m a s s n u m b e r 7 0 a n d 
2 x i 0 1 2 f o r m a s s n u m b e r 2 3 8 . 
. T h e l i n e a r a c c e l e r a t o r h a s a s e r i e s 

o f t a n k s u s i n g d i f f e r e n t a c c e l e r a t i o n 
t e c h n i q u e s . T h e r e a r e f o u r w i t h a 
W i d e r o e s t r u c t u r e ; t h e i r f i n a l a s s e m b l y 
h a s b e e n d e l a y e d b y v a c u u m p r o b 
l e m s w i t h t h e o u t e r d r i f t t u b e s . 
T h e s e h a v e b e e n c u r e d a n d t h e d r i f t 
t u b e s s h o u l d r e a c h D a r m s t a d t i n t h e 
n e x t f e w w e e k s a f t e r w h i c h r.f. t e s t s 
c a n s t a r t a s s o o n a s t h e d r i f t t u b e s a r e 
i n p l a c e . 

A r.f. p o w e r s u p p l y g i v i n g 5 2 0 k W 
p e a k a n d 1 3 0 k W a v e r a g e o u t p u t is 
r e a d y t o f e e d W i d e r o e t a n k N o . 4 . I t h a s 
a l r e a d y b e e n t e s t e d s u c c e s s f u l l y i n a 
3 2 h o u r r u n w i t h 5 0 k W i n t o a m a t c h e d 
l o a d a n d t h e p e r f o r m a n c e w i l l b e i n 
c r e a s e d t o t h e d e s i r e d l e v e l w h e n 
t h e e x t e r n a l c o o l i n g s y s t e m is c o m 
p l e t e . 

T h e s e c o n d o f t h e t w o A l v a r e z t y p e 
t a n k s is n o w b e i n g i n s t a l l e d w i t h o u t 
p r o b l e m s a n d t h e t w e n t y s i n g l e g a p 
c a v i t i e s w h i c h c o m p l e t e t h e a c c e l 
e r a t i o n s y s t e m h a v e b e e n r e c e i v e d . 
T h e y a r e b e i n g p r e p a r e d f o r c o p p e r 
p l a t i n g . 

T w o i n j e c t o r s a r e p l a n n e d f o r t h e 
m a c h i n e . O n e is i n s t a l l e d a n d h a s p r o 
v i d e d i t s f i r s t b e a m s ; t h e o t h e r is 
a l m o s t r e a d y . U s i n g a d u o p l a s m a t r o n 
i o n s o u r c e , a b e a m o f k r y p t o n i o n s 
( K r 2 + a n d K r 3 + ) w i t h a n i n t e n s i t y o f 
2 0 0 [iA a t 2 6 0 k V h a s b e e n e x t r a c t e d 
f r o m t h e c o m p l e t e d i n j e c t o r . 

W i t h t h i s f i r s t s i g h t o f h e a v y i o n s 
a s a s t i m u l u s , m o r e a t t e n t i o n is t u r n i n g 
t o t h e e x p e r i m e n t a l f a c i l i t i e s . T h e 
b e a m t r a n s p o r t s y s t e m s h a v e b e e n 
d e s i g n e d a n d t h e o r d e r i n g o f c o m p o 
n e n t s h a s s t a r t e d . 

KARLSRUHE 
Superconduct ing r.f. 
separator on its way 
I n c o l l a b o r a t i o n w i t h C E R N , K a r l s r u h e 
h a v e b e e n w o r k i n g o n s u p e r c o n d u c t 
i n g s e p a r a t o r s f o r s e v e r a l y e a r s . T h e 
a i m is t o p r o v i d e a s e p a r a t o r f o r t h e 
h i g h e n e r g y b e a m - l i n e t o t h e O m e g a 
s p e c t r o m e t e r w h e n t h e S P S s e n d s 
2 0 0 G e V p r o t o n s t o t h e W e s t H a l l i n 
1 9 7 6 . T h e s e p a r a t o r w i l l t h e n s e p a r a t e 
p i o n s u p t o a m o m e n t u m o f 4 0 G e V / c 
a n d k a o n s o f 2 0 G e V / c w i t h a n i n t e n 

s i t y o f 1 0 b k a o n s f o r e v e r y 3 > < 1 0 1 1 p r o 
t o n s o n t h e t a r g e t . 

T h e s e p a r a t o r w i l l h a v e t w o d e f l e c 
t o r s — 2 . 7 m l o n g , e a c h c o n s i s t i n g 
o f f i v e n i o b i u m s e c t i o n s . T h e s e p a r a t o r 
w i l l o p e r a t e a t 2 8 5 5 M H z ( S - b a n d ) t o 
g i v e a d e f l e c t i n g f i e l d o f 2 M V / m w i t h 
a p e a k m a g n e t i c f i e l d o f a b o u t 3 1 0 
g a u s s a n d a q u a l i t y f a c t o r Q o f a t l e a s t 
5 x 1 0 s . 

W e r e p o r t e d e n c o u r a g i n g r e s u l t s 
o n a f i r s t s e c t i o n o f 2 0 c e l l s i n t h e M a y 
i s s u e o f l a s t y e a r ( p a g e 1 5 2 ) . T h e s e 
t e s t s h a v e c o n t i n u e d a n d a s e c o n d 
2 0 c e l l s e c t i o n h a s b e e n c o m p l e t e d . 
T h e f i r s t s e c t i o n , a f t e r b e i n g h e l d f o r a 
m o n t h a t r o o m t e m p e r a t u r e u n d e r 
v a c u u m , h a s a c h i e v e d a Q o f 1 .8 x 1 0 9 

c o r r e s p o n d i n g t o a m a g n e t i c f i e l d o f 
4 0 0 g a u s s a n d a d e f l e c t i o n f i e l d o f 2 . 6 
M V / m ; t h e s e c o n d s e c t i o n h a s a c h i e v 
e d a Q o f 1 .2 X 1 0 9 c o r r e s p o n d i n g t o 
a m a g n e t i c f i e l d o f 3 7 0 g a u s s a n d a 
d e f l e c t i o n f i e l d o f 2 . 4 M V / m . T h e y a r e 
t h u s b o t h w e l l a b o v e t h e r e q u i r e d p e r 
f o r m a n c e . A n i n t e r - s e c t i o n j o i n t w a s 
a l s o t e s t e d a n d w o r k e d b e t t e r t h a n 
e x p e c t e d a n d i n a c o m p l e t e l y r e p r o d u 
c i b l e w a y . 

A l l f i v e s e c t i o n s o f t h e f i r s t d e f l e c t o r 
h a v e n o w b e e n m a n u f a c t u r e d a t S i e 
m e n s a n d a r e h a v i n g s u r f a c e t r e a t 
m e n t a t K a r l s r u h e f o l l o w e d b y p e r t u r 
b a t i o n m e a s u r e m e n t s a n d m e a s u r e 
m e n t s a t s u p e r c o n d u c t i n g t e m p e r a 
t u r e . T e s t s o n a l l f i v e s e c t i o n s w i l l b e 
c a r r i e d o u t i n a 4 m c r y o s t a t a l r e a d y i n 
a c t i o n a t K a r l s r u h e . M a n u f a c t u r e o f 
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t h e f i v e s e c t i o n s o f t h e s e c o n d d e f l e c 
t o r b e g a n i n J a n u a r y a n d t h e y a re 
e x p e c t e d t o b e a v a i l a b l e i n t h e 
S u m m e r . 

T h e t w o c r y o s t a t s f o r t h e d e f l e c t o r s 
a re s c h e d u l e d f o r c o m p l e t i o n a t t h e 
e n d o f 1 9 7 4 . I t w i l l t h e n b e p o s s i b l e t o 
a s s e m b l e t h e w h o l e s y s t e m a t K a r l s 
r u h e d u r i n g 1 9 7 5 a n d t h e m o v e t o 
C E R N is f o r e s e e n f o r e a r l y 1 9 7 6 . 

RUTHERFORD 
Lead cavities 
A s d e s c r i b e d b e f o r e ( s e e v o l . 11, 
p a g e 1 3 6 ) , a d i f f e r e n t a p p r o a c h t o 
s u p e r c o n d u c t i n g r.f. c a v i t i e s h a s b e e n 

t a k e n 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 c h o s e n s u p e r c o n d u c t i n g m a t e r i a l 
is l e a d r a t h e r t h a n n i o b i u m s i n c e 
a l t h o u g h t h e p o t e n t i a l p e r f o r m a n c e 
f i g u r e s f r o m n i o b i u m c a v i t i e s a re 
h i g h e r , g o o d r e s u l t s f r o m f u l l - s c a l e 
l e a d c a v i t i e s s e e m e d i n i t i a l l y eas ie r t o 
a c h i e v e in p r a c t i c e . 

T h e a i m a t R u t h e r f o r d h a s b e e n t o 
b u i l d a s e p a r a t e d b e a m f o r p i o n s a n d 
k a o n s w i t h a c e n t r a l m o m e n t u m o f 
4 G e V / c . T h i s r e q u i r e s t w o c a v i t i e s 
e a c h 1 .25 m l o n g s e p a r a t e d b y a 
d i s t a n c e o f 7 . 5 m . E a c h c a v i t y w o u l d 
c o n s i s t o f t e n ce l l s a n d o p e r a t e a t 
1.3 G H z . T h e y are d e s i g n e d t o g i v e a 
d e f l e c t i n g f i e l d o f 2 . 5 M V / m w h i c h 
i n v o l v e s p e a k f i e l d s a t t h e l e a d s u r 

f a c e o f 9 . 5 6 M V / m a n d a p e a k 
m a g n e t i c f i e l d o f 3 7 5 g a u s s . T h e 
a n t i c i p a t e d h i g h f i e l d Q v a l u e is a b o u t 
4 x 1 0 8 . 

T h e f i r s t a s s e m b l e d c a v i t y w a s 
u n d e r t e s t i n 1 9 7 3 . T h e r e w e r e s o m e 
v a c u u m p r o b l e m s a t t h e l o c a t i o n o f 
t h e r.f. c o u p l e r s a n d s o m e p o w e r 
l osses a t t h e j u n c t i o n s b e t w e e n t h e 
ce l l s e c t i o n s (a c a v i t y h a s t h r e e s e c 
t i o n s o f 3 , 4 a n d 3 c e l l s ) b u t t h e s e 
p r o b l e m s w e r e t i d i e d u p f o r a t h i r d 
se r i es o f t e s t s a t t h e e n d o f t h e y e a r . 
A v a c u u m o f 1.5 x 1 0 - 7 t o r r w a s t h e n 
s u s t a i n e d d o w n t o o p e r a t i n g t e m p e 
r a t u r e o f 1 . 8 5 K a n d t h e r e - m a c h i n e d 
i n t e r - s e c t i o n j o i n t s p e r f o r m e d s a t i s 
f a c t o r i l y . 

INSTRUMENT CRTs: M-OV HAS 
THE TUBES WHICH MEASURE UP 
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W i t h l o w p o w e r i n t o t h e c a v i t y a t 
1 .85 K t h e m e a s u r e d Q v a l u e w a s 
2 * 1 0 8 . H o w e v e r , t h i s w e n t d o w n t o 
8.1 x 1 0 7 w h e n t h e p o w e r i n p u t w a s 
r a i sed t o a f e w m i l l i w a t t s , t h o u g h i t 
r e m a i n e d a t t h i s l eve l f r o m t h e n o n u p 
t o p e a k p o w e r . T h e r e q u i r e d d e f l e c t i n g 
f i e l d s w e r e o b t a i n e d , r e a c h i n g 
2 . 6 M V / m a f t e r c a v i t y c o n d i t i o n i n g . 
T h e c o r r e s p o n d i n g p e a k f i e l d s a t t h e 
l e a d s u r f a c e s w e r e 1 0 M V / m a n d 
3 8 0 g a u s s . 

T o c o m p l e t e t h e s y s t e m a n e w 
r e f r i g e r a t o r is r e q u i r e d ( o p e r a t i n g a t 
7 5 W r a t h e r t h a n 6 0 W as o r i g i n a l l y 
p l a n n e d ) . T h e d e s i g n o f t h e s e c o n d 
c a v i t y a n d c r y o s t a t is c o m p l e t e a n d i t 
is e s t i m a t e d t h a t , i f t h e d e c i s i o n is 

t a k e n t o g o a h e a d w i t h t h e p r o j e c t , t h e 
f u l l s e p a r a t o r c o u l d b e r e a d y b y t h e 
e n d o f 1 9 7 4 . 

VILLIGEN 
Protons accelerated 
in cyclotron 
O n 1 8 J a n u a r y t h e f i r s t p r o t o n s o f 
e n e r g y a b o u t 5 8 5 M e V w e r e e x t r a c t e d 
f r o m t h e r i n g c y c l o t r o n a t t h e S w i s s 
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 , S I N . 
T h e i n t e n s i t y o f t h i s f i r s t e m e r g i n g 
b e a m w a s l o w b u t o n l y t h r e e o f t h e 
f o u r r.f. c a v i t i e s w e r e in a c t i o n a n d i t 

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

D u r i n g a s e c o n d se r ies o f t e s t s o n 
8 F e b r u a r y a b e a m o f 0 . 5 [iA w a s 
a c c e l e r a t e d a n d e x t r a c t e d . T h e e x t r a c 
t i o n e f f i c i e n c y is n o t e a s i l y m e a s u r e d 
b u t w a s c e r t a i n l y o v e r 8 0 %. C o m m i s 
s i o n i n g is c o n t i n u i n g a n d b y t h e e n d 
o f F e b r u a r y i t is h o p e d t o h a v e p r o t o n s 
p r o d u c i n g p i o n s a t t h e f i r s t t a r g e t 
s t a t i o n a n d t o t e s t t h e b e a m t r a n s p o r t 
s y s t e m i n t o o n e o f t h e p i o n e x p e r i 
m e n t a l a reas . 

W e h o p e t o h a v e f u l l e r i n f o r m a t i o n 
o n c o m m i s s i o n i n g p r o g r e s s in t h e 
n e x t i s s u e . 

If it's CRTs for electronic instruments, 
come straight to M-OV. 

We have a wide range, specifically 
designed and quality engineered for 
instrumentation. 

We have an even wider capability 
enabling us to deliver the tube which does the 
precise job you ask of it. 

All M-OV tubes are made to high specs, 
including BS9000, CV and MIL. Our scale of 
production ensures dependable deliveries and 
competitive prices ; and our activities are 
supported world-wide by the GEC 
organisation. 

Besides instrument CRTs, we make 
tubes for radar, avionic, data display and TV 
studio applications. 

For catalogue and data sheets, write to the 
address below. Or if you have a specific CRT 
problem/phone us direct at Hammersmith. 

EEY AND M-OV KNOW HOW. 
THE M-0 VALVE CO LTD, Hammersmith, London, England W6 7PE. Tel: 01-603 3431. Telex: 23435. Grams: Thermionic London. «£<£.C. 
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Announcing a new book f rom RICHELIEU : 

SPARK, STREAMER, 
PROPORTIONAL 

AND DRIFT C H A M B E R S 

by PETER RICE-EVANS 
(Bedford College, University of London) 

1974. 404 p a g e s , 218 i l l u s . , £15 ( $ 3 5 ) , 

( I S B N 0 -903840 -00 -6 , L.C. N o . 73 -90334) 

A thorough coverage of the principles of this instrumentation 
is presented. The book is organised in ten chapters : pertinent 
gas physics; historical rev iew; narrow-gap spark chambers; 
measurement and recording ; w ide-gap spark chambers ; 
streamer chambers; proportional chambers; miscellaneous 
chambers; applications of chambers; drift chambers. It is 

essential reading for all particle physicists. 

Please address all orders and enquiries to the publisher : 

T H E R I C H E L I E U P R E S S L I M I T E D 

30 S A I N T M A R K ' S C R E S C E N T , L O N D O N N . W . 1 

G R E A T B R I T A I N 

R É S I S T A N C E S 
C O U C H E M É T A L L I Q U E GEKA (F) 

Toi. 0.05 1 % CT 10, 25, 50, 100 ppm 

1/20 10 W, 0,5 Q 20 M O 

mod. protégé et étanche, suivant M I L et CCTU 

B O B I N É E S DE T R È S H A U T E P R É C I S I O N GEKA (F) 

Toi. 0.01 % 1 % TC 2 20 ppm 

B O B I N É E S A R A D I A T E U R A L U M I N I U M ARCOL (GB) 

suivant spec. M IL -R-18546 , RE 60, 65, 70, 75 

5 50 W/0 .02 Q 86 kO/1 . . . . 5 % to i . 

B O B I N É E S V I T R I F I É E S ARCOL (GB) 

B O B I N É E S V I T R I F I É E S T U B U L A I R E S 
DANOTHERM (DK) 

nous livrons des résistances jusqu'à 12 KV/300 M. 

des résistances de puissance à couche métallique de 15 et 30 W, 

des résistances cimentées et toutes les exécutions spéciales 

P O T E N T I O M È T R E S de très haute précision 

SEMIP (F) 

V A C U U M - R E L A Y S K I L O V A C (us) 
Relais haute-tension 2 . . . . 125 KV • 

D e m a n d e z n o t r e d o c u m e n t a t i o n - P r o f i t e z de n o t r e s t o c k 

Badenerstrasse 7 0 1 , CH-8048 Zurich 

Adresse postale: Postfach CH-8048 Zurich 

<p 01 62 85 62, Télex 56397 gut ch, CCP 80-63758 

TRY 

S E M R A BEIMIMEY 
FOR 

NIM INSTRUMENTATION (CERN RANGE) 
NIM HARDWARE (FULL RANGE) 
CAMAC HARDWARE (MODULES) 
CAM AC CABLES (88 & 132 WAY) 
MODULAR POWER SUPPLIES (STABILISED) 
CUSTOM-DESIGNED EQUIPMENT 
COMPLETE SUB-CONTRACT FACILITIES 

SEMRA BENNEY (ELECTRONICS) LTD., 

BRICKFIELD LANE, CHANDLER'S FORD 

EASTLEIGH, HAMPSHIRE, UK, S 05 3 DP. 

- - • c e "c* <-«•- e x n ou*'-"* i 

G £ < it* Oiïï < % # V * # # 

à # « * ' T i I ; • -
. A , l m OUT K » R W , 

TEL. (04215) 61147 & 5477 
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Where all your attention has tp be given to the process 
i tsel f - there you will find the 

PFEIFFERTURBO 

As, for instance, in combination w i th this high 
vacuum coating plant B A 5 1 1 and many other 
units for which easy handling and simple opera
t ion are absolute requirements. 
O f course, the PFEIFFERTURBO 
offers even more ; its v ibrat ion-
free running, high compression 
rat io for hydrogen and other 
volati le gases, its easy servicing, 
low operating cost, high rel iabi
l i ty, wide work ing range at cons
tant pumping speed, . . . there is 
stil l much more in it that is deci
sive! It is not for nothing that 

PFEIFFER is the leading manufacturer of t u rbo -
molecular pumps. 
Do you know already the PFEIFFER TURBO? The 

TPU 200 or the TPU 400? W e 
shall be pleased t o provide you 
w i th technically important infor
mation on these pumps.Your post 
card w i th the catch wo rd ,,PFEIF
FER TURBO" wi l l do. By re turn 
mail you wi l l receive detailed 
i terature. 

PM 800 005 PE 7308 

B A L Z E R S - o w n e d Sa les C o m p a n i e s i n : 

Z u r i c h ( C H ) , F r a n k f u r t / M ( D ) , W i e n ( A ) , 

K u n g s b a c k a ( S ) , B e r k h a m s t e d ( G B ) , 

S a n t a A n a ( U S A ) , M e u d o n ( F ) , M i l a n o ( I ) 

A R T H U R PFEIFFER V A K U U M T E C H N I K G M B H 
Pos t fach 
D - 6 3 3 0 W e t z l a r 

A c o m p a n y o f t h e B A L Z E R S - G r o u p 
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Digital 
Mini 

Many manufacturers offer low-priced CPUs. Digital included. 
But only Digital can now give you the first Mini-System packages for 
30 per cent less than the component prices. Why? Because Digital 
manufactures all the elements itself and in larger quantities than any 
other mini-computer manufacturer. Pick the low-cost Mini-System 
that best meets your needs. And get 12-month maintenance, soft
ware consulting service and access to training. 

PDP- 11E10 (the Standard-11). £11, 840. The most versatile 
standard computer system ever built with disk and tape storage and 
a choice of software systems. Here's what you get: 

The new, 16-bit PDP-11E10 CPU with 16K of 980 nanosecond core 
memory and bootloader. 

An RK-05 2.4-million byte cartridge disk. 
A dual DECcassette transport with 150,000 bytes of on-line storage. 

A 30 cps DECwriter for keyboard input and hardcopy output. 

The RT-11 Real-Time operating system supporting BASIC and 
FORTRAN, or our DOS/Batch system supporting FORTRAN. Take 
your pick. 

DECLAB-11/40 System. £19, 990. The most complete new 
laboratory system available. It includes: 
A 16-bit PDP-11/40 CPU with 16K of 980 nanosecond core memory 
and bootloader. 

Two RK-05 2.4-million byte cartridge disks. 
A 12-inch diagonal Graphic Display, display processor and light pen. 
A 30 cps DECwriter for keyboard input and hardcopy output. 



I l 

introduces 
Systems. 
The LPS-11 Laboratory Peripheral System including: 

a 12-bit A/D converter, sample and hold, with 8-channel multi
plexer and 6-digit LED display; 

a pre-amplifier for four A/D converter channels; 

• a programmable real-time clock and dual Schmitt triggers, 

and a 16-bit buffered digital I/O. 

The lab version of the RT-11 Real-Time operating system supporting 
BASIC and FORTRAN. 

Plus four training credits. 

Graphics System. £l7 f 800. The price/performance 
leader in graphics computing, including: 

A 16-bit PDP-11/40 CPU with 16K of 980 nanosecond core memory. 

Two RK-05 2.4-million byte cartridge disks. 

A 17-inch diagonal Graphic Display, display processor and light pen. 

A 30 cps DECwriter for keyboard input and hardcopy output. 

Thé RT-11-GT graphics version of the Real-Time operating system 
supporting BASIC. 

Plus four training credits. 

Digital Mini-Systems. You get a lot more for your money. 

I want to know more about the following Mini-System: 

• PDP-11 E10 • DECLAB-11/40 • GT-44 Graphics 

• Please send literature • Please contact me 

Name Position 

Company 

Address 

Telephone 

Digital Equipment Corporation International - Europe, 
81, route de l'Aire, CH-1211 Geneva 26, Tel. (022) 42 79 50. 

Offices in Reading, London, Manchester, Birmingham, Bristol, Edinburgh, 
Munich, Cologne, Frankfurt, Hannover, Stuttgart, Vienna, Stockholm, 
Oslo, Copenhagen, Helsinki, Paris, Grenoble, The Hague, Brussels, 
Zurich, Milan, Turin. 
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DELTATRON / HV POWER SUPPLIES 
50kV-1.5 MV 

Model L150-2C : 150 kV, 2 mA 

WRITE OR CALL 
FOR OUR 

TWENTY PAGE 
CATALOG 

Model L50O-1.3C : 500 kV, 1.3 mA 

A P P L I C A T I O N S 

M o d e l M1000-2A : 1000 kV, 2 mA Electron and pos i t i ve ion accelerator , ion implanters, x-ray 
generators, high voltage s tudies , e lectron microscopes and 
microprobes, lasers, isotope separators, insula t ion tes t ing . 

In two years, we have sold more than a hundred dc power 
suppl ies wi th vol tages from 100 kV to 1.5 MV, which are 
set t ing netw standards of p rec is ion . Consider the perfor
mance of the u l t ra stable 150 kV uni t : 

Model S350-1A : 350 kV, 1 m A 

Model S130-1A 

Deltatron Model L150-2C 

Voltage: 
Current: 
Regulation: 
Ripple: 
Temperature Coefficient: 
Response Time: 
Stored Energy: 
Dimensions: 

0 - 150 kV 
2 mA 
0.001% line and load 
0.001% peak-to-peak 
25 ppm/°C 
<200 microseconds 
5J 
19" high x 12.75" diameter 

Other features include b u i l t - i n surge l i m i t i n g res is tors , 
overcurrent relay, zero start and customer in te r locks , vo l t 
age control by ten-turn potentiometer or 0 - 10 V dc external 
s igna l , connect ion for d ig i ta l vol tmeter , po lar i ty reversal , 
and plenty more. 

Not al l app l ica t ions need such high s t a b i l i t y , and others 
require more current; for these uses we have ser ies S and 
series M un i ts . Whatever your needs for dc high voltage may 
be, please contact us. 

DELTARAY CORPORATION 1 0 H e n s h a w S t . , W o b u r n , M a s s a c h u s e t t s 0 1 8 0 1 U . S . A . 6 1 7 - 9 3 5 - 3 1 1 4 

SWITZERLAND FRANCE U.K. 
Fritz Weber Radian Hartley Measurements Ltd 
In der Rehweid 8 BP 410 HML House, London Rd 
8122 Pfaffhausen-Zurich 94 Paris Rungis Hartley Wintney 
Tel. 01 -85 44 44 Tél. 588 24 28 Hampshire RG 27 8RT 

Tel. (025-126) 3126 
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AKTIENGESELLSCHAFT 

D-731 Plochingen (Germany) 
Telefon 01153-611 
Telex 07266825 

R A D I O P R O T E C T I O N 

PORTABLE PO LYRA DIAMETER 

I P A B 7 1 Réf. 5 0 0 

Self-powered, waterproof, warning 

E L E C T R I C A L C H A R A C T E R I S T I C S 

- H igh v o l t a g e : can be regu la ted f rom + 200 to 
2200 V o l t s 

- Ranges: 10 - 100 - 1 000 - 10000 cps 
- A c c u r a c y : bet ter than 5 % 
- L i m i t o p e r a t i n g temperature : - 10° C + 50° C 
- D i s c r i m i n a t o r t h r e s h o l d : 1 v o l t 
- Equ iva len t c a p a c i t i e s : GM - PM - 0 . 6 p F 

CPA - BF3 - semi conduc to r 
d e t e c t o r s 0 .04 pF 

C O U N T I N G 

ELECTRONIC COUNTING SCALE 

E. C. S. 1 Ré f . E . 5 2 1 

Portable, self-powered, six decades 

E L E C T R I C A L C H A R A C T E R I S T I C S 

- Prêt ime : 1 - 10 - 100 - 1000 s (accuracy 10 -3 ) 
- Reso lu t ion t ime : < 5 us f requency > 200 KHz) 
- Input p u l s e s : p o s i t i v e or negat ive ,durat ion^>100ns 
- Thresho ld a d j u s t e m e n t : 0.1 à 10 V 
- Input i m p e d a n c e : 1000 IL 
- Work ing tempera ture r a n g e : - 1 0° C to + 50° C 

O I M a r d e u x 
85 Bd G a b r i e l Pé r i 9 2 2 4 0 M A L A K O F F - 6 5 6 - 6 5 - 3 5 + 

U s i n e : 3 7 6 0 0 L o c h e s - FRANCE 

C e r a m i c / M e t a l 
C o m b i n a t i o n s 
par t icu lar ly 
V a c u u m - Chambers 
U H V - F e e d t h r o u g h s 

The tapered slabbing and reaming drill is 

economical and very useful 

DRILLFILE 
s p e c i a l d r i l l 

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

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

d e v i c e s D R I L L F I L E is r e c o m m e n d e d b y l e a d i n g f i r m s 

a l l o v e r t h e w o r l d . I n i ts m e a s u r e m e n t s D R I L L F I L E 

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

TIPSWITOOL 
1564 DOMDIDIER/Switzerland 
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amplificateurs et préamplificateurs 
en 1 1 couches minces» 

pour compteurs proportionnels 
multifils 

C1T 
Alcatel 

DEPARTEMENT PHYSIQUE ET MECANIQUE 
MICROELECTRONIQUE - SERVICE COMMERCIAL 

41 , rue Périer - 92120 MONTROUGE - Tél. 253.37.90 - Télex : 27 431 F 
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TAPEDECK 

One of a range of NE peripheral interfaces* 

S i n g l e w i d t h C A M A C u n i t 

V e r t i c a l p a r i t y c h e c k 

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

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

C o n t r o l r e g i s t e r p e r m i t s 
m u l t i - t a p e d e c k s e l e c t i o n 

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

The CS0042 contains the read, wr i te, command and status registers 
necessary to control the operat ion of a tape deck. Demands for data 
transfer may be made by L A M requests or via a front panel trigger pulse 
w h i c h can be used to tr igger an Au tonomous Control ler into transferring 
data via a Direct Memory Access channel of a computer. A command 
register determines the recording density, parity, normal or extended 
inter-record gap, and mode of operat ion, e.g. wr i te, read, space, forward, 
reverse, rewind, etc. 

* Other NE peripheral interfaces include units to interface paper 
tape readers and punches, keyboard display terminals, line 
printers, X-Ray recorders, etc. 
Write for details and for 125-page C A M A C Catalogue No 66 conta in ing 
ful l specif icat ions of the most extensive range of units available f rom 
a single manufacturer. 

NUCLEAR 
ENTERPRISES 
LIMITED 
B a t h Road , B e e n h a m , Read ing RG7 5PR, E n g l a n d . T e l : 073-521 2121 . 
T e l e x : 848475. Cab les : D e v i s o t o p e , W o o l h a m p t o n . 
Associate Companies: Germany: Nuclear Enterprises GmbH, Schwanthalerstrasse 74 
8 Munchen 2, Germany. Telephone: 53-62-23 Telex: 529938 
U.S.A.: Nuclear Enterprises Inc, 935 Terminal Way, San Carlos, California 94070 
Telephone: 415-593-1455 Telex: 348371. 
S w i t z e r l a n d : High Energy & Nuclear Equipment S.A., 2 Chemin de Tavernay, 
Grand-Saconnex, 1218 Geneva Tel. (022) 98 25 8 2 / 3 Telex 23429 
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• Corps matrice en 
laiton ou inox 

• étanchéitévis-à-vis 
de l'extérieur mé
tallique. 

S E L F A 
P A R I S 

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

t o u s p r o b l è m e s s p é c i a u x e t 

d e s é r i e . 

ROBINETS INDUSTRIELS ET NUCLEAIRES 
A SOUFFLETS METALLIQUES 

0 5 à 200 mm • Corps droit ou équerre • Température: — 270°C à + 650° C • 
Pression : ultra-vide à 500 bars • Réglage d'ouverture à levée totale, à passage 
direct • Signalisation électrique # Commande pneumatique et à distance • Indica
teur de posit ion. 

C a t a l o g u e s u r d e m a n d e SELFA 6 2 , r u e d e la V i l l e t t e , 

7 5 0 1 9 P A R I S F R A N C E 

T é l . 6 0 7 . 3 5 . 2 9 - 2 0 5 . 3 8 . 2 6 

WE 
WRAP 
WIRE 

The Electronics Division of Vero Precision Engineering 
Limited have expanded their services to industry w i th 

the addition of an N.C. Wire Wrapping facility, 
comprising wire stripping and wire wrapping machines. 

With this facility work can be completed in a fraction 
of the time taken by conventional methods, w i th the 

added advantage that once the tape has been prepared, 
each assembly produced from the tape, wi l l be identical. 

Coupled w i th this provision for wire wrapping we offer 
a fast wire stripping service supplying wire cut and 

stripped to customers' requirements. 

We would also draw your attention to other services 
offered by the Electronics Division of Vero Precision 

Engineering Limited: Prototype Electronic Wiring, 
Production Wir ing, Control Panel Wir ing, Loom Design 
and Assembly Wir ing, Wiring and Assembly of P.C.B.s, 
Chassis Manufacture and Wir ing, Cubicle Manufacture 

and Wir ing, Test and Inspection to Customers' 
Specifications, Development of Electrical Control and 

Switch Panels for Special Purpose Machinery. 

V e r o P r e c i s i o n E n g i n e e r i n g L t d , 
(ELECTRONICS Division), 

(Electronics Division), 
South Mill Road, Regents Park, Southampton. 

Telephone: 771061 Telex: 477603 
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R A D I O P R O T E C T I O N 

POLYRADIAMETRE PORTATIF 

I P A B 7 1 R é f . 5 0 0 

Autonome, étanche, alarme 

C A R A C T E R I S T I Q U E S E L E C T R I Q U E S 

- Haute t e n s i o n : v a r i a b l e de + 200 à + 2200 v o l t s 
sur sonde 1 et sonde 2 

- Echel le de mesure : 10 - 100 - 1000 - 10000 c / s 
- P r é c i s i o n : m e i l l e u r e que 5% 
- L imi tes de t e m p é r a t u r e : - 10° C + 50° C 
- Seui l du d i s c r i m i n a t e u r : 1 v o l t 

C a p a c i t é s é q u i v a l e n t e s : GM - PM : 0 ,6 pF 
CPA - BF3- d i o d e s 0,04 pF 

C O M P T A G E 

ECHELLE DE COMPTAGE SIMPLIFIEE 

E. C . S. 1 R é f . E. 5 2 1 

Portative, autonome, 6 décades 

C A R A C T E R I S T I Q U E S E L E C T R I Q U E S 

- Prétemps : 1 - 10 - 100 - 1000 s ( p r é c i s i o n 1 0 ~ 3 ) 

- Temps de r é s o l u t i o n : < 5 y s ( f réquence 200 KHz) 
- I m p u l s i o n s à l ' e n t r é e : p o l a r i t é p o s i t i v e ou néga

t i v e durée^>100ns 
- Réglage du s e u i l : 0,1 à 10 V 
- Impédance d 'en t rée : 1 0 0 0 i \ 
- Température de f o n c t i o n n e m e n t : - 10° C + 50° C 

O IMardeux 
85 Bd G a b r i e l Pé r i 9 2 2 4 0 M A L A K O F F - 6 5 6 - 6 5 - 3 5 + 

U s i n e : 3 7 6 0 0 L o c h e s - FRANCE 

They are interchangeable with the centring 
rings comprising an elastomer used so far. 
They ensure perfect leak-tightness 
between small stainless steel 
flanges, as well as between those in light alio 

- are centred on the outside of ^ey can therefore f i t flanges ° 0 - 32 standards _40 range. 
between 
flanges, as wt>.. 
As they are centred o i . 
the flanges, they can thereto, 
to the old NW 10-20-32 stanûixi ̂  
and to the Pneurop 16-2b-40 ranr 
They are leak-tight as many times 
required, even when using a 
standard clamp. 
The sealing material being an 
Indlum/sllver alloy, there are no leaks 
nor measurable degassing. 
Unlimited resistance to radiations. 
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same light here 

I I \ \ I \ I 

more electrons here 

conventional 
photomultipliers 
wi th unconventional 
efficiencies 
T h e s e n e w P h i l i p s t u b e s a r e d i r e c t r e p l a c e m e n t s 
f o r t h e t y p e s y o u ' r e p r o b a b l y u s i n g r i g h t n o w . * 
T h a t ' s w h a t w e m e a n b y c o n v e n t i o n a l . 

T h e i r c a t h o d e s e n s i t i v i t i e s , h o w e v e r , a r e 
a n y t h i n g b u t . T y p e X P 2 0 0 0 g i v e s 1 0 0 m A / W a n d 
t h e X P 2 0 3 0 i s s p e c i f i e d a t 1 1 5 m A / W . 
T o d a t e t h a t ' s t h e h i g h e s t c o n v e r s i o n e f f i c i e n c y 
o n t h e m a r k e t . 

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

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

XP 2000 XP 2030 

Spectral response type D type D 

Useful photocathode diameter 44 mm 68 mm 

Quantum eff iciency at 400 nm 31 % 35,6 % 

Gain at 1.5 kV 2,5 x 1 0 5 2,5 x 1 0 5 

Pulse height resolution for 137 Q S 7,5 % 7 , 5 % 

* type XP 2000 is a direct replacement for types 8053, 4523 and 9655; 
type XP2030 for types 8054 and 4524. 

F o r m o r e i n f o r m a t i o n o n t h e s e n e w t u b e s p l u s a n 
u p d a t e d p r o d u c t s u r v e y o f t h e e x t e n s i v e 
P h i l i p s r a n g e w r i t e t o : 

Philips Industries, Electronic Components and 
Materials Division, Eindhoven - The Netherlands 
Distributed and sold in the U.S.A. by : Amperex Electronic Corporation 
230 Duffy Avenue, Hicksvi l le N.Y. 11802 
In Canada : Phil ips Electron Devices 
116 Vanderhoof Avenue Toronto 17 - Ontario 

Electronic 
Components 
and Materials PHILIPS 



S E N 

T I M 

EVERY 6ÛOQ SYSTEM INCLUDES 

A POWERFUL GENERAL PURPOSE COMPUTER, 

WITH R T O S — YOU CAN USE IT! 

* M U L T I T A S K I N G 

* P E R M A N E N T L I V E D I S P L A Y 

SIMULTANEOUS ACQUISITION & PROCESSING 

E L E C T R O N I Q U E 

1211 GENÈVE 13 - SUISSE Case postale 39 - 31, av. Ernest-Pictet - Tél. (022) 44 29 40 - Télex 23359 - Câbles SENELECTRON 

Z U R I C H 

SEN ELEKTRONIK AG 

Te l . 0 1 . 8 6 51 0 3 / 0 4 . T e l e x . 5 8 2 5 7 C H . 

H A M B U R G 

SEN E L E K T R O N I K G m b H 

Tel . 0 4 1 0 3 / 6 2 8 2 . T e l e x . 2 1 8 9 5 4 8 D . 
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c a m a c 
Data Logging Set 

U p t o 2 5 6 measurement channe ls , a l l con ta ined in a crate 

w i r e d mul t i -address ing a l l ow ing t o give 

• channel n u m b e r 

• measurement range i n o n e C A M A C i n s t r u c t i o n 
• convers ion t i m e 
• measurement c o m m a n d 

U p t o 4 0 measurements /second 

R E L A Y M U L T I P L E X E R - J M X 10 H igh Level 
- J M X 2 0 L o w level (signals lower t h a n 

40 m W ) 

16 channels using th ree po le relays - up t o 16 modu les ( 2 5 6 channels) 

M A N U A L C O N T R O L - J A X 10 
Channel number read-ou t , manua l c o n t r o l o f channe l select ion 

V O L T A G E F R E Q U E N C Y C O N V E R T E R - J C T F 10 

A c c u r a c y : ± 1 0 " 3 - 8 p rog rammab le sensi t iv i t ies b e t w e e n 10 m V and 
10 V 

Réso lu t i on : 5 0 0 0 po in t s f o r a 2 0 m s measurement t i m e . 

U P - D O W N S C A L E R F R E Q U E N C Y M E T E R - J E F 10 

Capac i t y : 2 1 6 max . 

Measurement t i m e : 2 0 m s , 5 0 m s , 1280 ms 

Negative values in t w o ' s c o m p l e m e n t code . 

I" m m 

SAIP 

Schlumberger 

FOR MORE INFORMATION PLEASE CONTACT : 
SAIP/SCHLUMBERGER : BP 47 -92222 Bagneux (France) 
Tel. : (1 ) 655.22.11 Telex : SAIPEX 25 075 F 



Auger-Electron Spectroscopy (AES) 
for automatic Thin Film Analysis 

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

ion gun i n t o o p e r a t i o n and leave t h e appa ra tus t o o p e r a t e 

a u t o m a t i c a l l y . W i t h i n a s h o r t t i m e i t w i l l g ive y o u t h e 

c o n c e n t r a t i o n o f t h e se lec ted e l e m e n t s in r e l a t i o n t o t h e 

d i s tance f r o m t h e o r i g i n a l s p e c i m e n sur face. 

T h e a b o v e e x a m p l e s h o w s a c h r o m e -

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

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

and n i cke l can d i s t i n c t l y be r e c o g n i s e d . 

B A L Z E R S c o - o p e r a t e w i t h Physical  

E l e c t r o n i c s I n d u s t r i e s Inc. ( P H I ) , U S A  

in t h e c o n s t r u c t i o n o f i n s t r u m e n t s f o r 

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

and sur face i n v e s t i g a t i o n . 

In a d d i t i o n t o A u g e r - E l e c t r o n Spec

t r o s c o p y (AES) , B A L Z E R S S e c o n d a r y 

Ion Mass S p e c t r o m e t r y (SIMS) can also 

QUADRUPOL-
ANALYZER 

AUGER ANALYZER 

be c a r r i e d o u t in t h e s e i n s t r u m e n t s , w h i c h means t h a t a 

n u m b e r o f spec imens can be i n v e s t i g a t e d w i t h b o t h m e 

t h o d s in o n l y o n e p lan t , w i t h o u t i n t e r r u p t i n g t h e v a c u u m . 

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

d r i ca l A u g e r ana lyzers and t h e SIMS e q u i p m e n t , t h e f o l l o 

w i n g B A L Z E R S / P H I - a d d i t i o n a l c o m 

p o n e n t s can also be m o u n t e d o n t h e 

v a c u u m c h a m b e r : i on guns ( f o r e t c h i n g 

t h e s p e c i m e n in A E S ) , e l e c t r o n s o u r c e 

f o r g r a z i n g i n c i d e n c e b o m b a r d m e n t 

(AES f o r i n s u l a t o r s ) , f r a c t u r e a t t a c h 

m e n t ( f o r b r e a k i n g o p e n t h e spec imen 

in U H V ) , e l e c t r o n b o m b a r d m e n t hea

t e r ( by e l e c t r o n b o m b a r d m e n t ) , m i 

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

sur face in AES) . If y o u a re i n t e r e s t e d w e 

shall be pleased t o send y o u fu l l de ta i l s . 
W ^ V SPUTTER <T \ ION GUN 

BK 800007 PF D N 1 6 4 5 

69 

B A L Z E R S - o w n e d Sales C o m p a n i e s i n : 

Z u r i c h ( C H ) , F r a n k f u r t / M ( D ) , W i e n ( A ) , 

K u n g s b a c k a ( S ) , B e r k h a m s t e d ( G B ) , 

San ta A n a ( U S A ) , M e u d o n (F) , M i l a n o ( I ) ^ a n 

B A L Z E R S A K T I E N G E S E L L S C H A F T 
f u r H o c h v a k u u m t e c h n i k u n d D u n n e S c h i c h t e n 
FL 9 4 9 6 B a l z e r s s I 



Electrotechnique 
Tel. (021) 711341 Telex 24683 1110 Morges (Switzerland) 
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Where 
A _ I 

For example: 
The Branch Terminator Type 1592 

saves almost 4 0 % of previous termination 

- Only 1 Crate station needed 
= 1 / = 5 of the total crate cost is used 

- Bu i l t - in Branch cable saves % of the 
Terminator cost 

Also from the same design team: 
Branch Driver/Interfaces 

for HP2100, -14 , - 1 5 , - 1 6 
Varian 620I , L, F & 73 

- Modular construct ion 

- Optional auto-address scanning 

- Optional D M A operation 

Entreprise de peinture 

Suisse 
Moyen-Orient 
Espagne - Italie 
Afrique du Nord 
Ile de la Réunion 
Belgique 

C.E.R.N. - GENÈVE 

Prézioso International S.A. 

Siège social : 

15, avenue Victor Hugo 
7 5 - P A R I S 16 e 

Direction administrative : 

B.P. N° 2 
SAINT-CLAIR DU RHÔNE 
38 370 
LES ROCHES DE CONDRIEU 

Tél. (74) 85 53 07 
85 52 28 

Télex: 90 4 0 4 F 

Hochleistungsblitzsysteme fur 10 kWs Blitz fur Blasenkammern, 
Photolyse, Fluoreszenzanregung, Photo-Stimulation und optische 
Pumpsysteme. 

[AS-Kinematographie bis 10 6 B/s zur High-Speed-Analyse von 
Windkanalen, Schlierensystemen, sowie fur Mikrokinematographie 
und Ballistik, Synchronisation mit High-Speed-Kameras. Adapter 
fur Turbulenz- und Strômungsforschung mit trâgheitsfreien 
Wanderfunken fur Grenzschichten, 3-dimensionale Strômung und 
instationare Vorgange. 

Schnelle Strômung sichtbar gemacht mit 30 kHz 
150 kV Funkengardine. 

Trommelkamera STROBODRUM fur Streak- und Smear-Aufnahmen 
von Spektren und Entladungen. 

I M P U L S P H Y S I K G m b H 
2 H a m b u r g 56 (Rissen) S ù l l d o r f e r Landst r . 400 
Te l . (040) 81 21 51 / FS 02189 514 f f i d 
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