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CERN News 

Superconducting coil 
for Omega 
F o l l o w i n g a s e r i e s o f s u c c e s s f u l t e s t s o n 

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

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

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

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

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

w h i c h l i q u i d h e l i u m is c i r c u l a t e d t o e s t a b ­

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

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

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

a t C E R N in t h e g r o u p l e d b y M . M o r p u r g o . 

T h e O m e g a p r o j e c t w a s d e s c r i b e d in 

C E R N C O U R I E R v o l . 9 p a g e 3 1 . It is 

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

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

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

' u n i v e r s a l ' i n s t r u m e n t ( s o m e w h a t s i m i l a r 

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

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

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

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

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

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

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

o f a p a r t i c u l a r e x p e r i m e n t . 

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

M a x i m u m f i e l d a t t h e c e n t r e 18 k G 

I n n e r d i a m e t e r o f c i r c u l a r c o i l s 3 m 

F r e e g a p b e t w e e n c o i l s 1.5 m 

F r e e g a p b e t w e e n p o l e s 2 m 

W e i g h t o f m a g n e t 1300 t o n s 

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

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

i n g w a s le f t u n t i l q u i t e r e c e n t l y in o r d e r t o 

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

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

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

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

o p e r a t i o n (a c o n v e n t i o n a l m a g n e t w o u l d 

t a k e a b o u t 7.5 M W o f p o w e r ) . 

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

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

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

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

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

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

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

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

p a c t ( d i s p e n s i n g w i t h t h e l i q u i d h e l i u m e n -
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C E R N , t h e E u r o p e a n O r g a n i z a t i o n f o r 
s l u c l e a r R e s e a r c h , w a s e s t a b l i s h e d in 
9 5 4 t o p r o v i d e f o r c o l l a b o r a t i o n 
m o n g E u r o p e a n S t a t e s in n u c l e a r r e ­

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

s s e n t i a l l y r e l a t e d t h e r e t o ' . It a c t s a s a 
E u r o p e a n c e n t r é a n d c o - o r d i n a t o r o f 
e s e a r c h , t h e o r e t i c a l a n d e x p e r i m e n t a l , 
n t h e f i e l d o f s u b - n u c l e a r p h y s i c s . T h i s 

b r a n c h o f s c i e n c e i s c o n c e r n e d w i t h t h e 
u n d a m e n t a l q u e s t i o n s o f t h e b a s i c l a w s 
o v e r n i n g t h e s t r u c t u r e o f m a t t e r . C E R N 

s o n e o f t h e w o r l d ' s l e a d i n g L a b o r a -
o r i e s in t h i s f i e l d . I 

T h e e x p e r i m e n t a l p r o g r a m m e is b a s e d ; 
n t h e u s e o f t w o p r o t o n a c c e l e r a t o r s — 
6 0 0 M e V s y n c h r o - c y c l o t r o n ( S C ) a n d a 

8 G e V s y n c h r o t r o n ( P S ) . A t t h e l a t t e r 
m a c h i n e , l a r g e i n t e r s e c t i n g s t o r a g e r i n g s 

S R ) , f o r e x p e r i m e n t s w i t h c o l l i d i n g 
r o t o n b e a m s , a r e u n d e r c o n s t r u c t i o n . 

S c i e n t i s t s f r o m m a n y E u r o p e a n U n i v e r ­
s e s , a s w e l l a s f r o m C E R N i t se l f , t a k e 
a r t in t h e e x p e r i m e n t s a n d i t i s e s t i ­

m a t e d t h a t s o m e 1200 p h y s i c i s t s d r a w 
h e i r r e s e a r c h m a t e r i a l f r o m C E R N . 

T h e L a b o r a t o r y is s i t u a t e d a t M e y r i n 
e a r G e n e v a in

 ZŜBBMÎ̂B 
o v e r s a p p r o x i m a t e l y 80 h e c t a r e s 
q u a l l y d i v i d e d o n e i t h e r S i d o j ^ ^ ^ H 
r o n t i e r b e t w e e n F r a n c e a n d S\|8BB 
a n d . T h e s ta f f t o t a l s a b o u t 2800JHBH 
B^^^BHBHBn|^B^Q||UNR 

F e l l o w s a n d V i s i t i n g S c i e n t i s t s . R 

T w e l v e E u r o p e a n c o u n t r i e s p a r t i ­
c i p a t e in t h e )g9BH8H^^n 
t o t h e c o s t o f t h e b a s i c p r o g r a m m e , 
235 .2 m i l l i o n S w i s s f r a n c s in 1969 . in 
p r o p o r t i o n t o t h e i r | | H B ^ ^ f l | f l H 
S u p p l e m e n t a r y p r o g r a m m e s c o v e r t h e 

^^B^B^^B^BHBBfl^B^^^B |^B| 
B|^^ffl^^B^BRHfflfflB^^^HB| 

C E R N C O U R ! E R is uJĵ BBî BM 
d i s t r i b u t e d f r e e lÉHn^^H^H| 

H ^ H H ^ H H ^ H H B ^ ^ ^ H ^ H 

p r i n t e d if c r e d i t is g i v e n t o C E R N 

H ^ ^ ^ ^ ^ ^ ^ H B M | ^ W ^ B 
flfl^^^^^H|^^^|^B| 

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

K^BM^^^^^^^^BB^^B^BB 
^^^^^^B^^^^^^^^^^^^^^^^^H 

P h o t o g r a p h s : G é r a r d B e r l i n H <• 

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

C E R N , 1211 G e n e v a ĵ ^^^^H 
H T e l . (022) 41 93 11 T e l e x 2 36 93 

P r i n t e d b y : E d . C h e r i x e t ^ i f H H H H 
1 1260 N y o n , S w i t z e r l a n d ; 



Assembly, in March of this year, of the rig where 
a superconducting coil, which was cooled by 
circulating helium within the hollow 
superconductor, was tested. Following the recent 
successful completion of these tests, it has been 
decided to adopt this new cooling technique for 
the large superconducting magnet of the Omega 
project. 

c l o s u r e , t h e c r y o s t a t is s i m p l e r a s t h e 

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

T w o t r i a l c o i l s h a v e b e e n b u i l t a t C E R N . 

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

d u c t o r in w h i c h n i o b i u m - z i r c o n i u m ( t h e 

s u p e r c o n d u c t o r ) w i r e s w e r e e m b e d d e d . 

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

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

s i o n s o f t h i s c o i l w e r e : l e n g t h 4 5 c m , i n ­

t e r n a l d i a m e t e r 28 c m , e x t e r n a l d i a m e t e r 

5 8 c m , c o n d u c t o r c r o s s - s e c t i o n 5 x 6.5 

m m 2 , c o o l i n g c h a n n e l c r o s s - s e c t i o n 

2 .2 x 3.8 m m 2 . L i q u i d h e l i u m f r o m a 2 0 0 W 

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

a p r e s s u r e o f 8 a t m o s p h e r e s , e m e r g i n g a t 

a p r e s s u r e o f 5 a t m o s p h e r e s . ( T h e c o i l w a s 

t e s t e d a t 2 0 0 a t m o s p h e r e s p r e s s u r e d i f f e r ­

e n c e w i t h o u t a n y t r o u b l e . ) T h e c u r r e n t 

f e d t o t h e c o i l w a s t a k e n u p t o 1400 A 

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 

50 k G . B e y o n d t h i s l e v e l t h e s u p e r c o n d u c t ­

i n g p r o p e r t y is l o s t . 

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

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

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

c o n d u c t o r c r o s s - s e c t i o n is 18 x 18 m m 

w i t h a c o o l i n g c h a n n e l 9 x 9 m m . It w i l l 

t a k e a p e a k c u r r e n t o f 5 0 0 0 A w h i c h w i l l 

e s t a b l i s h a f i e l d o f 20 k G in t h e m a g n e t 

a p e r t u r e . T h e h e l i u m w i l l b e p r o v i d e d f r o m 

a 8 0 0 W r e f r i g e r a t o r a n d w i l l b e c i r c u l a t e d 

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

8 a t m o s p h e r e s . 

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

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

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

e n o u g h t o w i t h s t a n d a f o r c e o f 2 0 0 0 t o n s 

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

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

4 . 5 ° K a n d t h e m a g n e t y o k e a t r o o m t e m ­

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

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

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

c o o l e d b y l i q u i d n i t r o g e n w i l l b e u s e d in 

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

i n t h e h o r i z o n t a l p l a n e is p o s s i b l e . 

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

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

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

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

( t h e 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 b e i n g 

r e t a i n e d ) . It w a s c a l c u l a t e d t h a t t h e s e 

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

1 0 % o f t h e p e a k f i e l d w h i c h c o u l d t a k e 

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

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

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

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

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

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

t h i s f o r m is n o t e a s y . B u t t h e c o i l f o r 

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

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

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

Topping 2 x 10 1 2 

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

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

i n g a l m o s t d a i l y . In m i d - J u l y , i t c l i m b e d 

CERN/Pl 19.3.69 

o v e r 2 X 1 0 1 2 p r o t o n s p e r p u l s e — r e a c h ­

i n g a r e c o r d o f 2 .03 X 1 0 1 2 p r o t o n s p e r 

p u l s e . W h e n p u l s e s w e r e r e c o r d e d o v e r 

1 0 1 2 s o m e e x p e r i m e n t e r s c a l l e d f o r m e r c y . 

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

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

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

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

T o h a v e b e e n a b l e t o i m p r o v e t h e p e r ­

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

1 0 0 % o v e r r e c e n t m o n t h s is a c o n s i d e r ­

a b l e a c h i e v e m e n t . 

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

2 2 7 



General view of the LSD. In the foreground is the 
operator's desk with the mirror, attached to the 
ceiling, which projects views onto the table. 
On the right is the film transport system with 
its six vacuum boxes at the front. In the 
background on the left is the PDP 9 computer, 
the monitoring oscilloscope and the two magnetic 
tape units. On the right is the electronic 
equipment which monitors and controls the 
operation of the machine. 

The photograph below shows the operator's desk. 
On the left are the control buttons for measuring 
the various parts of the photograph (fiducial 
marks, vertices, 'crutch' points, stopping points, 
etc.). On the right are the 'speed-ball' for 
controlling the X-Y movement (manual) of the 
stage, the television screen (by means of which 
the vertex can be accurately positioned on the 
optical axis) and the typewriter which provides 
communication with the PDP 9 computer. 

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

s t a r t e d s o m e m o n t h s a g o ( s e e C E R N 

C O U R I E R , v o l . 9, p a g e 105) . S o m e o f t h e m 

a r e a s f o l l o w s : 

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

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

i n i t s e l f s u f f i c i e n t c o n d i t i o n ; 

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

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

— t h e m a c h i n e t u n i n g , w h i c h is a d i f ­

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

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

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

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

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

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

a f e w y e a r s a g o . 

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

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

' c l o s e d o r b i t ' a t i n j e c t i o n , b u t n o w p r o ­

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

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

in a c o m p l e x m a n n e r , c a n b e t a c k l e d . T h e 

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

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

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

n o n - l i n e a r p h e n o m e n a , h a s b e e n v e r y i m ­

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

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

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

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

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

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

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

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

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

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

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

m a j o r s p a c e c h a r g e e f f e c t s . 

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

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

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

t a k e n t h e m a x i m u m a c c e l e r a t e d b e a m 

f r o m 1.93 x 1 0 1 2 t o 2 .03 x 1 0 1 2 . 

T h e P S a n d t h e l i n a c w e r e o r i g i n a l l y 

d e s i g n e d f o r s i n g l e - t u r n i n j e c t i o n . A t t e m p t s 

a t m u l t i - t u r n i n j e c t i o n m a d e in 1 9 6 6 ( s e e 

C E R N C O U R I E R v o l . 6 p a g e 29) w e r e n o t 

s a t i s f a c t o r y . H o w e v e r , n o w t h a t t h e l i n a c 

c a n p r o v i d e v e r y s t a b l e p u l s e s f o r 2 0 \is, 

t h i n g s a r e d i f f e r e n t . I n j e c t i o n f o r 2V2 t u r n s 

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

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

B e f o r e t h e B o o s t e r s y n c h r o t r o n i n j e c t o r 

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

a b l e t o p r o v i d e p u l s e s 100 \is l o n g w h i c h 

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

t e n t u r n s . 

LSD Progress 
A d e s c r i p t i o n o f t h e s p i r a l r e a d e r ( k n o w n 

a t C E R N a s L S D a f t e r t h e i n i t i a l s o f t h e 

F r e n c h t i t l e ' L e c t e u r à S p i r a l e D i g i t i s é e ' ) 

a p p e a r e d i n C E R N C O U R I E R v o l . 8 p a g e 

2 4 6 . It is o n e o f t h e i n s t r u m e n t s f o r t h e 

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

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

n a t i n g in B e r k e l e y . T h e C E R N s p i r a l r e a d e r 

w a s b u i l t in c o l l a b o r a t i o n w i t h t h e C o l l è g e 

d e F r a n c e , in P a r i s . 

T h e L S D a u t o m a t i c a l l y m e a s u r e s a n 

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

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

p o i n t o f i n t e r a c t i o n . W h e n e v e r t h e s l i t w i t h 

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

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

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

a n o n - l i n e c o m p u t e r ( P D P 9 ) . T h e t a p e is 

t h e n f e d t o o n e o f t h e C E R N c e n t r a l c o m ­

p u t e r s ( C D C 6 6 0 0 o r 6400 ) , w h e r e s p u r i o u s 

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

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

p h y s i c i s t . 

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

t h e m a c h i n e f r o m 1 A p r i l 1969 . A c t u a l l y , o n 

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

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

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

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

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

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

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

t h e s p e e d . It w a s a l s o d e c i d e d t o t a k e 

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

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

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

F i n a l l y , t h e m a i n e m p h a s i s w a s p u t o n 

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

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

d u r i n g m e a s u r e m e n t . 

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

w a s p l a n n e d in t h r e e s t a g e s : 

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

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

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

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

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

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

m e c h a n i c a l c o n e - p e r i s c o p e a s s e m b l y . D u ­

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

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

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

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

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

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

t h e v a c u u m b o x e s ; 

— t h e p o s i t i o n a l a d j u s t m e n t o f t h e 

g u i d e r o l l e r s ; 

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

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

m e n t s o f t h e X - Y s t a g e . 

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

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

t h e s y s t e m a t i c e r r o r : 

— i n s t a l l a t i n g a n e w f i l m g a t e w h i c h , 

i n a l l t h r e e v i e w s , s e p a r a t e s t h e 

p h o t o g r a p h t o b e m e a s u r e d f r o m 

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

j e c t t o t h e f o r c e e x e r t e d b y t h e 

v a c u u m b o x e s ; 

— a d j u s t i n g t h e 4 5 ° r o l l e r s a s a c ­

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

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

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

s e r v o i r t o s t a b i l i z e t h i s p r e s s u r e ; 

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

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

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

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

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

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

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

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

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

b e t w e e n c a p s t a n a n d f i l m ) . 

2) T h e p r e s e n t p e r i o d , in w h i c h t h e m a ­

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

( t e n h o u r s a d a y f o r f i v e d a y s ) a n d is t h e n 

a v a i l a b l e f o r t w o w e e k s f o r d e v e l o p m e n t . 

T h e e m p h a s i s is b e i n g l a i d o n d e v e l o p i n g 

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

f i d u c i a l m a r k s . A t p r e s e n t , t h e y a r e m e a ­

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

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

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

s y s t e m p e r f e c t e d a t C E R N is t h e B e r k e l e y 

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

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

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

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

t i m e ) . T h e m e a s u r i n g r a t e , c u r r e n t l y 2 0 t o 

3 0 e v e n t s p e r h o u r , c o u l d b e i n c r e a s e d t o 

r a t e s o f t h e o r d e r o f 70 t o 100 . 

A s in t h e p r e v i o u s p e r i o d , e f f o r t s t o 

i m p r o v e r e l i a b i l i t y a r e c o n t i n u i n g . A n e w 

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

f i l m in t h e v a c u u m b o x e s h a s b e e n i n s t a l l -
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e d . It is a v e r y s e n s i t i v e s y s t e m w h i c h h a s 

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

t h e b o x e s . T h i s h a s t h e d o u b l e a d v a n t a g e 

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

a n d o f l o w e r i n g t h e m a x i m u m t o r q u e 

a p p l i e d t o t h e s p o o l s b y t h e m o t o r s . In 

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

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

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

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

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

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

r u n , r e d u c e w e a r o n t h e m . 

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

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

t h e p h o t o m u l t i p l i e r p u l s e s . T h i s s y s t e m 

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

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

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

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

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

t r a c k a n d t h e b a c k g r o u n d . C h a n g e s h a v e 

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

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

f u l 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 o f t h e 

p h o t o g r a p h . 

3) In t h e n e x t s t a g e , w h i c h w i l l b e g i n in 

a m o n t h o r t w o ' s t i m e , t h e m a c h i n e w i l l 

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

m a d e in a n e x p e r i m e n t i n v o l v i n g 5 0 0 0 0 

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

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

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

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

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

m e n t t i m e p e r e v e n t b y o n e - t h i r d , a n d is 

v i r t u a l l y e s s e n t i a l a t t h i s s t a g e . 

In c o n c l u s i o n , i t s h o u l d b e p o i n t e d o u t 

t h a t , b y 1 A u g u s t 1969 , t h e m a c h i n e h a d 

m e a s u r e d s o m e 4 0 0 0 e v e n t s f r o m t h e e x ­

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

p i o n s o f 3.9 G e V in t h e C E R N 2 m b u b b l e 

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

o r t w o p r o n g s ( f o u r o r t w o t r a c k s e m e r g ­

i n g f r o m t h e p a r t i c l e i n t e r a c t i o n p o i n t ) . 

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

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

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

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

( P O O H - T H R E S H ) , is o f t h e o r d e r o f 10 t o 

15 % a t t h e o u t p u t o f t h e G R I N D k i n e m a t i c 

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

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

c o n v e n t i o n a l m e a s u r i n g e q u i p m e n t ( I E P ) . 

F o r e x a m p l e , i n 1700 t w o - p r o n g e d e v e n t s , 

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

t r a c k s is o f t h e o r d e r o f 8 m i c r o n s in t h e 

f i l m p l a n e . It a p p e a r s p o s s i b l e t o i m p r o v e 

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

p r o g r a m m e , p r i m a r i l y b y b e t t e r e l i m i n a t i o n 

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

d e s i r e d e v e n t . 

Tricks at transition 
A m e t h o d o f r e d u c i n g t h e d i s t u r b a n c e f e l t 

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

w h e n i t ' g o e s t h r o u g h t r a n s i t i o n ' h a s b e e n 

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

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

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

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

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

G e V m a c h i n e . 

W h a t ' s t r a n s i t i o n ? In a b u n c h o f p r o ­

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

c o m p e t i n g e f f e c t s : 

(1) It s e e m s a l m o s t t r i t e t o s a y t h a t t h e 

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

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

. (2) H o w e v e r , a t a p a r t i c u l a r s t r e n g t h o f 

t h e m a g n e t i c f i e l d in t h e r i n g : t h e f a s t e r 
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Two photographs (on the same scale) showing 
the improvement in beam quality gained by 
applying 'Q jump' at transition energy in the 
proton synchrotron. This new technique reduces 
the length of the proton bunches and their 
oscillations. 
The relevant traces are the faint upper ones 
which record the bunch length (an inverse signal 
from the beam observation station in the ring). 
The photograph on the left is without Q jump — 
the blow-up and the amplitude of the oscillations 
are considerable. The photograph on the right is 
with Q jump where the improvement in beam 
quality is very striking. 

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

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

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

b i g g e r c i r c u m f e r e n c e t h e y t r a v e r s e . 

W h i c h o f t h e s e e f f e c t s is w i n n i n g is 

c r u c i a l o f t h e w a y in w h i c h t h e k i c k o f 

a c c e l e r a t i o n h a s t o b e a p p l i e d in 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 . In t h e C E R N P S , 

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

e f f e c t (1) i s p r e d o m i n a n t a t l o w e r e n e r g i e s . 

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

t h e a v e r a g e , a n d t h e f i e l d in t h e r.f. c a v i t y 

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

b u n c h p a s s e s t h r o u g h . T h e n t h e p r o t o n 

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

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

w i t h r e s p e c t t o t h e r e s t o f t h e b u n c h . T h i s 

k e e p s t h e b u n c h s t a b l e . 

A s t h e e n e r g y g o e s u p a n d t h e p r o t o n 

v e l o c i t i e s g e t c l o s e t o t h e s p e e d o f l i g h t , 

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

c o m e s l e s s , a n d e f f e c t (1) f a l l s i n i m p o r ­

t a n c e . T h e n e f f e c t (2) p r e d o m i n a t e s . T h e 

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

t h e a v e r a g e a n d , if t h e b u n c h is n o w t o 

b e k e p t " s t a b l e , t h e a c c e l e r a t i n g f i e l d i n 

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

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

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

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

o f t h e b u n c h . 

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

e f f e c t (1) t o e f f e c t (2) o c c u r s is k n o w n a s 

t h e t r a n s i t i o n e n e r g y ( a b o u t 5 G e V i n t h e 

c a s e o f t h e C E R N P S ) . A t t h i s e n e r g y t h e 

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

It w a s in f e a r a n d t r e m b l i n g t h a t t h e 

b u i l d e r s o f t h e P S f i r s t t o o k t h e p r o t o n 

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

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

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

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

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

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

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

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

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

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

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

o n e a n o t h e r . T h e s e e f f e c t s h a v e n o t b e e n 

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

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

b l e m . T h e a d v e n t o f t h e 8 0 0 M e V B o o s t e r 

w i l l t a k e t h e P S i n t e n s i t y e v e n h i g h e r a n d 

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

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

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

P S b u n c h e s . w h i c h is a f f e c t e d b y s p a c e -

c h a r g e . T h e i n t e r a c t i o n r a t e in t h e I S R 

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

p o w e r o f t h e b u n c h l e n g t h . 

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

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

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

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

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

t h e e f f e c t o f t h e r.f. f i e l d s . S u p e r i m p o s e d 

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

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

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

A b o v e t r a n s i t i o n it r e s u l t s i n a r e l a t i v e 

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

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

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

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

s i t i o n . 

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

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

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

t h e b e a m t h r o u g h t r a n s i t i o n fas te r^ T h e 

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

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

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

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

e n e r g y r a n g e w h e r e e f f e c t (1) p r e d o m i ­

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

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

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

n o r m a l t r a n s i t i o n e n e r g y (a t r i c k k n o w n t o 

t h e s p e c i a l i s t s a s a ' Q j u m p ' ) . T h e t r a n s i ­

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

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

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

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

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

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

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

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

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

c o n t e x t o f t h e d e s i g n s t u d y f o r t h e 3 0 0 G e V 

m a c h i n e in 1965 . S h o r t l y a f t e r w a r d s A . 

S o r e n s s e n b e g a n w o r k o n t h e t h e o r y . 

P e o p l e c o n c e r n e d w i t h t h e 3 0 0 G e V B o o ­

s t e r , W . H a r d t a n d D. M o h l , r e c e n t l y b e ­

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

g e s t e d t h e e x p e r i m e n t s o n t h e P S in w h i c h 

G . M e r l e , v i s i t i n g s c i e n t i s t f r o m K a r l s r u h e , 

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

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

s u p p l y t o p o w e r t h e q u a d r u p o l e s . J . G a -

r e y t e , R. C a p p i a n d R. L e y b r o u g h t i n v a ­

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

CERN COURIER 
10th anniversary 
T h e f i r s t i s s u e o f C E R N C O U R I E R w a s 

p u b l i s h e d in A u g u s t 1 9 5 9 . W e w i s h s i m p l y 

t o u s e t h e o c c a s i o n o f t h e 1 0 t h a n n i v e r ­

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

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

C E R N a n d e l s e w h e r e , , i n t h e g a t h e r i n g a n d 

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

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

L a b o r a t o r i e s w h e r e i t is c a r r i e d o u t . 

In p a r t i c u l a r , w e w o u l d l i k e t o l i s t t h e 

c o r r e s p o n d e n t s w e h a v e in o t h e r L a b o r a ­

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

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

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

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

b r i n g t o t h e j o u r n a l : 

A r g o n n e T . H . G r o v e s 

B a t a v i a C . W . L a r s e n 

B e r k e l e y G . K a l m u s 

B r o o k h a v e n J . S p i r o 

C a m b r i d g e W m . A . S h u r c l i f f 

C o r n e l l K. B e r k e l m a n 

D a r e s b u r y T . W . A i t k e n 

D E S Y G . S ô h n g e n 

D u b n a V . A . B i r y u k o v 

F r a s c a t i M . G h i g o 

L o s A l a m o s W . H . R e g a n 

R u t h e r f o r d A . P . B a n f o r d 

S a c l a y G . N e y r e t 

S t a n f o r d J . S a n d e r s 

T R I U M F E. A u l d 

V i l l i g e n W . H i r t 

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

p r i n t e r , E d . C h e r i x e t F i l a n o s a S .A . a t 

N y o n . C h e r i x h a v e p r i n t e d C E R N C O U R I E R 

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

e i g h t p a g e i s s u e o f 1 0 0 0 c o p i e s ) t o t h e 

p r e s e n t ( t h i r t y - t w o p a g e i s s u e s o f 9 6 0 0 c o ­

p i e s ) . F a r f r o m f u l f i l l i n g a p a s s i v e p r o d u c ­

t i o n r o l e , t h e y b r i n g t o t h e j o u r n a l a n 

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

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

It is g r a t i f y i n g t o n o t e t h a t t h e p r e s e n t 

e s t i m a t e s f o r 1 9 6 9 g i v e a n i n c r e a s e , c o m ­

p a r e d w i t h 1 9 6 8 , o f 2 0 0 0 p e o p l e w h o h a v e 

a s k e d t o r e c e i v e C E R N C O U R I E R 

( a n i n c r e a s e o f 2 5 % ) . A t t h e s a m e 

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

c r e a s e d b y 2 0 % t h a n k s l a r g e l y t o t h e 

g r o w i n g i n v o l v e m e n t o f o t h e r L a b o r a t o ­

r i e s . 
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On 23 July a four engined turbo-prop 

aircraft of Aeroflot airlines, an Antonov 12, 

landed at Geneva airport. The plane was 

chartered by CERN to carry experimental 

equipment (including a Cherenkov 

differential counter and other particle 

detectors) back from the first joint 

experiment between CERN and Soviet 

scientists at the 76 GeV proton 

synchrotron at Serpukhov. First results 

from this experiment, which finished on 

10 July, were covered in CERN COURIER 

vol. 9 page 99, and further results, which 

have produced a considerable surprise, 

are covered on page 232. 

The top photograph shows the plane being 

loaded for its return trip on 24 July with 

equipment for joint experiment number 2. 

The crate (2.33 x 2.35 x 1.3 m3) contains 

a wide gap wire spark chamber to be used 

in an experiment which is scheduled to 

begin about March 1970. The joint team 

will be pursuing the search for negative 

bosons into the higher mass range 

available at Serpukhov, using the missing 

mass technique which has proved so very 

successful in experiments at CERN in 

recent years. 

Receiving the, wire chamber so far in 

advance will help the Serpukhov scientists 

to familiarize themselves with the 

equipment without interrupting the 

experiment (see CERN COURIER vol. 9, 

page 8) which is continuing at CERN until 

about the end of the year. The chamber 

is the first item of equipment to leave but 

there is much more to follow (a total 

weight of 200 tons). The largest and 

heaviest item is a spectrometer magnet 

weighing 110 tons (lower photograph) 

which arrived at CERN in August. This 

magnet will make it way to Serpukhov by 

train and ship after being tested at CERN. 

These tests will include installation in the 

current experiment at CERN. During the 

autumn shutdown of the proton synchrotron 

the magnet, which has a larger aperture 

(1.5 x 1 m2) and higher field, will 

replace the one currently in use. There 

will then be several weeks of operation 

using almost all the equipment which is 

scheduled for the experiment at 

Serpukhov. 
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Some Physics Post-Lund 
The latest major Conference on particle physics 
was that at Lund in Sweden from 25 June 
to 1 July. It was in the series of European 
Conferences held in alternate years. The three 
topics selected for this article were important 
ones at Lund. They are treated here, however, 
not in the way of summarizing proceedings of 
the Conference but more generally to try to bring 
out their interest and the present relevant 
experimental evidence. 

On the left of the photograph is the counter 
system used in the measurements of total cross-
section by the joint CERN-Soviet team at the 76 
GeV proton synchrotron at Serpukhov. On the 
right is the array from which the muon 
contamination of the particle beam was estimated. 

(Photo Serpukhov). 

Getting flatter sooner 
Is a c c e s s t o h i g h e r e n e r g i e s in t h e n e x t 

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

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

k n o w a l r e a d y , o r is it g o i n g t o o v e r t h r o w 

m a n y o f o u r p r e s e n t c o n c e p t i o n s ? W e 

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

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

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

o n e o f i t s e a r l i e s t e x p e r i m e n t s . It i s e x t r e ­

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

t h e C E R N - S e r p u k h o v c o l l a b o r a t i o n t h a t 

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

e x p e r i m e n t b e t w e e n C E R N a n d S o v i e t 

s c i e n t i s t s . 

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

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

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

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

C E R N C O U R I E R v o l . 9 p a g e 9 9 ) . S t a g e 

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

c r o s s - s e c t i o n s ' a t h i g h e n e r g i e s a n d t h e 

r e s u l t s r e p o r t e d a t L u n d h a v e l e d t o t h e 

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

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

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

t a r g e t . T h e t o t a l c r o s s - s e c t i o n , t h a t is t h e 

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

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

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

a t o m , w a s t h e n m e a s u r e d . T h e m o m e n t u m 

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

s t e p s o f 5 G e V / c o v e r t h e r a n g e 

20 G e V / c t o 6 5 G e V / c . 

W h a t w a s e x p e c t e d t o h a p p e n ? U p t o 

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

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

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

T h i s c a n b e e x p l a i n e d s i m p l y a s f o l l o w s . 

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

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

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

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

t i c l e is f e l t . A s t h e m o m e n t u m i n c r e a s e s 

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

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

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

p a r t i c l e d e c r e a s e s . In a d d i t i o n , t h e ' m a n y 

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

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

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

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

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

c o n t i n u e u n t i l a c e r t a i n t o t a l c r o s s - s e c t i o n , 

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

v e r y h i g h e n e r g y . T h i s w o u l d c o r r e s p o n d , 

l o o s e l y s p e a k i n g , t o t h e e n e r g y a t w h i c h 

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

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

r e g i o n o f i n f l u e n c e w o u l d c o n t i n u e t o d e ­

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

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

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

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

G e V . 

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

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

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

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

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

m e n t u m r a n g e u p t o 65 G e V / c t h e c u r v e s 

f o r p i o n s a n d k a o n s l o o k f l a t , a n d f o r a l l 

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

a r e h i g h e r t h a n e x p e c t e d f r o m t h e o r y . 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

o f p o s i t i v e p i o n a n d p r o t o n , n e g a t i v e k a o n 

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

k a o n a n d p r o t o n , a n t i p r o t o n a n d p r o t o n 

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

T h i s a l l l o o k e d f e a s i b l e p r e - S e r p u k h o v . 

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

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

c o u l d , if t h e y h a d c o n t i n u e d t o f a l l o f f 

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

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

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

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

e x p e c t e d , i t l o o k s a s if t h e p o s i t i v e k a o n 

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

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

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

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

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

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

A S e r p u k h o v t e a m h o p e s t o l o o k a t 

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

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

a n d t h e i r r e s u l t s w i l l b e e a g e r l y a w a i t e d . 

Split over splitting 
O n e o f t h e l i v e l i e s t t o p i c s a t t h e L u n d 

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

i n g o f t h e n e u t r a l A 2 m e s o n a n d t h e t h e o ­

r e t i c a l a t t e m p t s t o e x p l a i n i t . N e w m e a s u r e ­

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

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

v e l o p e d w i t h r e s u l t s f r o m t h e U S A in c o n ­

f l i c t w i t h t h o s e f r o m E u r o p e . 

T h e A 2 s p l i t t i n g s t o r y s t a r t e d w i t h t h e 

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

m e n t a t C E R N o v e r t h e y e a r s 1 9 6 4 t o 1966 

( s e e C E R N C O U R I E R v o l . 7 p a g e 3 1 ) . 

B e s i d e s i d e n t i f y i n g s e v e n n e w m e s o n s , 

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

w i t h a m a s s o f a b o u t 1300 M e V , c a l l e d 

t h e A 2 m e s o n , i n s t e a d o f a p p e a r i n g a s a 

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

o f t w o p e a k s o f a b o u t e q u a l h e i g h t 

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

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

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

g r a m . ) 

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

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

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

o u t s i n c e . A t C E R N , t h e A 2 m a s s r e g i o n 

w a s r e - e x a m i n e d u s i n g a n e w m i s s i n g 

m a s s t e c h n i q u e ( t h e C E R N B o s o n S p e c t r o ­

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

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

n~p - > p A 2 a s o p p o s e d t o m e a s u r i n g 

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

t h e M M S e x p e r i m e n t . A g a i n t h e s p l i t t i n g o f 

t h e A 2 e m e r g e d c l e a r l y a n d t h e e x p e r i m e n t 

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

in t h e r e g i o n o f t h e A 2 m a s s ( t h e c o m ­

b i n e d M M S a n d C B S r e s u l t s g i v e a b o u t 

1000 e v e n t s w i t h i n e a c h m a s s r a n g e o f 

10 M e V ) . 

B u b b l e c h a m b e r e x p e r i m e n t s a t B r o o k -

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

b e i n g a n n o u n c e d a t L u n d ) h a v e a l s o c o n ­

f i r m e d t h e s p l i t t i n g . A B r o o k h a v e n e x p e r i ­

m e n t in 1968 u s e d t h e b u b b l e c h a m b e r 

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

p i c k i n g o u t t h e d e c a y s o f t h e A 2 i n t o t h r e e 

Splitting of the A2 meson. The graphs show — 
a) results from the CERN Boson Spectrometer 
b) results from the CERN Missing Mass 

Spectrometer 
c) the combined results from these two different 

experimental techniques. 
The number of events corresponding to the A2 
meson are plotted vertically against energy. 
The double peak appears clearly and the 
symmetrical shape suggests the presence of two 
particles, with almost the same mass, with 
identical quantum numbers. 

p i o n s (75 % o f A 2 d e c a y s a r e i n t o t h r e e 

p i o n s ) . A C E R N - C o l l è g e d e F r a n c e c o l l a ­

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

k a o n s (a n e u t r a l k a o n a n d a c h a r g e d k a o n 

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

a B o n n , D u r h a m , E c o l e P o l y t e c h n i q u e , N i j -

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

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

t h e B r i t i s h N a t i o n a l H y d r o g e n B u b b l e 

C h a m b e r d u r i n g i ts s t a y a t C E R N ) . T h e 

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

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

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

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

S o e v e r y o n e is n o w a g r e e d t h a t t h e A 2 

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

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

T h e f i r s t p o s s i b i l i t y is t h a t t w o r a d i c a l l y 

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

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

m a y b e c o m e c l e a r e r l a t e r ) , j u s t h a p p e n t o 

h a v e a l m o s t i d e n t i c a l m a s s . T h i s w o u l d 

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

t i c l e w i t h m a s s c l o s e t o t h a t o f t h e ' t r u e ' 

A 2 . T h e A 2 h a s b e e n k n o w n f o r s o m e t i m e 

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

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

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

t o s o m e n e w g r o u p . 

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

h a l v e s o f t h e A 2 ( c a l l t h e h e a v i e r o n e o f 

m a s s 1318 M e V ' A 2 h i g h ' , a n d t h e l i g h t e r 

o n e o f m a s s 1278 ' A 2 l o w ' ) h a v e i d e n t i c a l 

q u a n t u m n u m b e r s . T h i s is a n a t t r a c t i v e 

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

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

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

c a l p a r t i c l e s . 

If t h i s is s o , t h e n t h e q u a r k m o d e l , 

w h i c h h a s b e e n s o v e r y s u c c e s s f u l in 

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

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

d a t e t h e o b s e r v a t i o n , a n d in s o d o i n g 

w o u l d l o o s e s o m e o f i t s s i m p l i c i t y . 

T h e q u a r k m o d e l s a y s t h a t t h e m e s o n 

is a q u a r k a n d a n a n t i q u a r k in c o m b i n a ­

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

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

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

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

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

m o m e n t u m ' L ' ( t h e q u a r k — a n t i - q u a r k 

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

i n t r i n s i c s p i n ' s ' o f e a c h q u a r k , s h a s t h e 

v a l u e V2 a n d t h u s t h e t o t a l i n t r i n s i c 

s p i n ' S ' o f t h e q u a r k , a n d a n t i - q u a r k c o m b i ­

n a t i o n is I w h e n t h e t w o s p i n s a r e p a r a l l e l , 

a n d O w h e n t h e y a r e a n t i - p a r a l l e l . T h e n 

f o r e a c h v a l u e o f L ( w h i c h c a n h a v e v a l u e s 

0,1,2,3,.. .) w e h a v e s e v e r a l p o s s i b l e e n e r g y 

l e v e l s ( s e v e r a l p o s s i b l e p a r t i c l e s o f d i f f e r ­

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

w a y s in w h i c h L a n d S c o m e t o g e t h e r t o 

g i v e t h e t o t a l s p i n ' J ' . ( T h i s is e x a c t l y a n a ­

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

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

t r a l l i n e s m u c h e a r l i e r t h i s c e n t u r y . ) J u s t 

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

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

S U 3 g r o u p . S o f a r , t h e s e c o n c e p t s h a v e 

w o r k e d b e a u t i f u l l y . 

B u t l e t u s g o b a c k t o t h e A 2 . A p o s s i b l e 

a s s i g n m e n t f o r i t s s p i n v a l u e is J = 2 w i t h 

p o s i t i v e p a r i t y q u a n t u m n u m b e r . T h e n 

J P = 2 + . If i t is f o u n d t h a t A 2 h i g h a n d A 2 

l o w b o t h h a v e J p = 2 + , t h e q u a r k m o d e l c a n 

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

o f t h e L = 1 g r o u p o f m a s s l e v e l s a n d t h e 

o t h e r is t h e b o t t o m m e m b e r o f t h e L = 3 

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

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

w e e n t h e L = 1 g r o u p a n d t h e L = 3 g r o u p 

is e x p e c t e d t o b e a b o u t 2 G e V w h i l e w i t h ­

in a g r o u p o f m a s s l e v e l s t h e f o u r m e m ­

b e r s a r e s e p a r a t e d b y o n l y a b o u t 100 M e V 

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

a t t h e l o w e r v a l u e s o f L ) . T h u s t h e L = 3 

a n d L = 1 g r o u p s s h o u l d b e v e r y w e l l 

a p a r t . H o w e v e r it m a y b e t h a t t h e m e m ­

b e r s w i t h i n t h e L = 3 g r o u p a r e G e V s a p a r t 

w h i c h c o u l d b r i n g t h e J p = 2 ; m e m b e r 

d o w n t o t h e L = 1 g r o u p m a s s r a n g e . N o t 

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

n o t i m p o s s i b l e . 

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

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

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

2 3 3 



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

a n S U 3 g r o u p . If t h e A 2 f i n d s i t s e l f i n ­

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

m a s s , t h e n o t h e r m e m b e r s o f t h e S U 3 

g r o u p c o n t a i n i n g t h e A 2 m i g h t v e r y w e l l 

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

f r o m a n o t h e r p a r t i c l e f r o m t h e S U 3 g r o u p 

o f t h e A 2 i n v a d e r . A n e x p e r i m e n t w i t h 

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

B e r k e l e y p r e c i s e l y t o l o o k f o r t h e s p l i t t i n g 

o f t h e K* p a r t i c l e w h i c h h a s a m a s s o f 

1400 M e V a n d w h i c h is in t h e s a m e S U 3 

g r o u p a s t h e A 2 . T h e r e s u l t w i l l b e v e r y 

i m p o r t a n t . 

T h e r e m a i n i n g p o s s i b i l i t y is t h a t t h e A 2 

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

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

n o t p e r m i t t e d u n d e r t h e q u a r k m o d e l o u t ­

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

m o d e l is n o t l o o k e d o n w i t h e n t h u s i a s m . 

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

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

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

a n d , in g e n e r a l , t h e b e a u t y o f a m o d e l is 

i n d i r e c t p r o p o r t i o n t o i t s ( o r h e r ) s i m p l i ­

c i t y . 

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

n a t i o n o f t h e q u a n t u m n u m b e r s o f A 2 h i g h 

a n d A 2 l o w d i v i d e in m i d - A t l a n t i c . F r o m 

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

s o m e 4 0 0 e v e n t s f r o m t h e M i s s i n g M a s s 

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

J P ( A 2 h i g h ) = J P ( A 2 l o w ) = 2 + 

T h e C E R N , C o l l è g e d e F r a n c e b u b b l e 

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

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

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

b l e p e a k . A n d t h e B o n n , e t a l . b u b b l e 

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

f r o m a D a l i t z p l o t a n a l y s i s o f t h r e e p i o n 

d e c a y s . 

F r o m t h e U S A , a n a l y s i s o f t h e 1 9 6 8 

b u b b l e c h a m b e r e x p e r i m e n t g a v e 

J P ( A 2 h i g h ) = 2 + . S i n c e o n l y A 2 h i g h w a s 

s e e n in l o o k i n g a t t h e d e c a y i n t o k a o n s , 

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

J p ( A 2 l o w ) = 1 " . T h i s h a s t h e w r o n g 

c h a r g e c o n j u g a t i o n p a r i t y u n d e r t h e q u a r k 

m o d e l a n d , if i t i s t r u e , d e s t r o y s t h e q u a r k 

m o d e l a s w e k n o w i t . A f u r t h e r B r o o k -

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

p o r t e d a t L u n d , l o o k e d a t t h e A 2 p r o d u c e d 

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

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

A 2 l o w a n d g i v e t h e m o s t l i k e l y q u a n t u m 

n u m b e r s f o r A 2 l o w a s J p = 1 " . 

T h e p r e s e n t C E R N B o s o n S p e c t r o m e t e r 

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

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

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

About time 
T h e r e a r e a l o t o f i n t r i g u i n g q u e s t i o n s 

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

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

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

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

m u o n , e l e c t r o n - n e u t r i n o , m u o n - n e u t r i n o ) 

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

w e a k i n t e r a c t i o n . W e h a v e k n o w n t h e 

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

u n d e r s t a n d i n g w h y s u c h a ' h e a v y e l e c ­

t r o n ' s h o u l d e x i s t . A r e w e a t t h e b e g i n ­

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

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

in t h e e l e c t r o n ? 

B u t t h e q u e s t i o n w e a r e g o i n g t o p u r s u e 

h e r e is t h a t o f t h e w e a k i n t e r a c t i o n ' s l a c k 

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

s y m m e t r i e s in N a t u r e . T h i s t o p i c h a s b e e n 

c o v e r e d s e v e r a l t i m e s b e f o r e in C E R N 

C O U R I E R ( s e e f o r e x a m p l e v o l . 6 p a g e 

171 a n d v o l . 8 p a g e 11) a n d w e w i l l n o t 

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

It h a s b e e n k n o w n s i n c e 1956 t h a t t h e 

w e a k i n t e r a c t i o n v i o l a t e s p a r i t y o r l e f t -

r i g h t s y m m e t r y (P ) . It w a s s h o w n t h a t o n l y 

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

d e c a y o f t h e n e u t r o n . T h e r e a r e n o r i g h t -

s p i n n i n g n e u t r i n o s in N a t u r e . T h e c o m b i ­

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

(CP) r e s t o r e d s o m e s e m b l a n c e o f o r d e r 

— t h e r e a r e r i g h t - s p i n n i n g a n t i n e u t r i n o s . 

( P a u l i ' s r e m a r k f o l l o w i n g t h e o b s e r v a t i o n 

o f p a r i t y v i o l a t i o n , ' G o d is n o t l e f t - h a n d e d ' 

w a s r e c e n t l y b a l a n c e d b y J . G . T a y l o r w i t h , 

A cartoon, given the title 'Where we stand - 1969', 
shown in April by H. Lipkin when speaking about 
'The spectrum of hadrons' at the Inaugural 
Conference of the European Physical Society 
in Florence. It illustrates the troublesome time 
that theory is having in trying to accommodate 
the discovery of the splitting of the A2 meson. 

' T h e r e is a n a n t i - G o d w h o is r i g h t -

h a n d e d ' . ) B u t t h i s t o o f e l l d o w n in 1964 . 

C P s y m m e t r y is v i o l a t e d a t t h e r a t e o f 

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

d e c a y o f t h e l o n g - l i v e d n e u t r a l k a o n . 

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

o t h e r s y m m e t r y — t h e s y m m e t r y o f t i m e 

(T ) . S i n c e t h e c o m b i n a t i o n , C P T s y m m e t r y 

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

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

d a r e t o s h a k e i t . T h e r e f o r e t h e r a r e 

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

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

v i o l a t i o n in o r d e r t o p r e s e r v e C P T . P e o p l e 

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

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

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

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

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

q u e n c e o f e v e n t s . 

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

t o b e d e f i n i t i v e l y e s t a b l i s h e d is a g a i n in 

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

t h e l o n g - l i v e d n e u t r a l k a o n . T h e r e a s o n ­

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

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

S u f f i c e it h e r e t o s a y t h a t k n o w i n g s u c h 

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

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

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

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

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

T h e s e q u a n t i t i e s h a v e b e e n m e a s u r e d 

p a r t i c u l a r l y in e x p e r i m e n t s a t B r o o k h a v e n , 

C E R N a n d P r i n c e t o n ( t h e l a s t n e c e s s a r y 

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

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

r e c e n t l y f r o m a C E R N e x p e r i m e n t ) . N o - o n e 

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

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

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

f r o m t h e s e , T v i o l a t i o n a p p e a r s q u i t e 

c l e a r l y . 

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

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

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

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

a c t i o n w h i c h a r e n o t e x c l u d e d in t h e 

m e a s u r e m e n t s w h i c h h a v e b e e n t a k e n . 

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

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

e v i d e n c e o f T v i o l a t i o n . W e m e n t i o n a f e w 

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

T w o t e a m s h a v e h a d a g o a t t h e 

e l e c t r o m a g n e t i c i n t e r a c t i o n in t r y i n g t o 

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

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

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

r e l e a s e a p h o t o n p + n - > d + y 

( T h i s is n o t a n e a s y m e a s u r e m e n t t o 

m a k e b e c a u s e i t t e n d s t o b e d r o w n e d in 

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

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

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

d + y - > p + n 

h a s b e e n w e l l m e a s u r e d a t D E S Y , C o r n e l l , 

S t a n f o r d a n d O r s a y ( t h o u g h t h e r e is s o m e 

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

r a t e s s h o u l d b e t h e s a m e if T s y m m e t r y 

h o l d s . 

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

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

P r i n c e t o n t e a m w o r k i n g a t t h e 3 G e V 

P r i n c e t o n - P e n n s y l v a n i a a c c e l e r a t o r a n d 

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

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

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

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

g r o u p ( M i c h i g a n , U C L A a n d L R L ) w o r k i n g 

a t t h e 184 i n c h s y n c h r o - c y c l o t r o n a t B e r ­

k e l e y a l s o s e e m e d t o s e e a s l i g h t d i f f e r ­

e n c e . H o w e v e r f u r t h e r a n a l y s i s in b o t h e x ­

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

b r e a k d o w n . F r o m t h e s e e x p e r i m e n t s t h e n , 

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

t r o m a g n e t i c i n t e r a c t i o n . 

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

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

s e q u e n c e o f T v i o l a t i o n t h a t p a r t i c l e s 

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

E x p e r i m e n t s a t B r o o k h a v e n a n d O a k 

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

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

d o w n t o t h e l e v e l o f 4 X 1CT 2 3 e c m . T h i s 

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

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

c a l c u l a t i o n s if t h e r e w a s T v i o l a t i o n in t h e 

e l e c t r o m a g n e t i c i n t e r a c t i o n . A r e c e n t 

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

r a t o r y , O x f o r d , w h e r e a n e x p e r i m e n t h a s 

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

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

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

e l e c t r i c f i e l d s . A d i p o l e m o m e n t w o u l d 

r e v e a l i t se l f W h e n t h e m a g n e t i c f i e l d w a s 

r e v e r s e d w i t h r e s p e c t t o t h e e l e c t r i c 

f i e l d . N o n e a p p e a r e d d o w n t o t h e l e v e l 

o f 1CT 2 0 e c m (a v a l u e t e n t h o u s a n d t i m e s 

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

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

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

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

t i o n s . A U n i v e r s i t y o f W a s h i n g t o n t e a m 

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

r e a c t i o n M g 2 4 + d - > M g 2 5 + p 

a n d i t s i n v e r s e . A t e a m f r o m t h e M a x 

P l a n c k I n s t i t u t e f u r K e r n p h y s i k , H e i d e l ­

b e r g , o n t h e H e i d e l b e r g t a n d e m V a n d e 

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

M g 2 4 + a - > A l 2 7 + p 

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

T v i o l a t i o n . 

T h u s t h e s i t u a t i o n is t h a t T v i o l a t i o n h a s 

b e e n s e e n o n l y in t h e d e c a y o f t h e l o n g -

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

t h e g u i l t y p a r t y is t h e w e a k i n t e r a c t i o n , o r 

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

w e a k ' i n t e r a c t i o n w h o s e e f f e c t s c a n , a t 

p r e s e n t , o n l y b e o b s e r v e d in t h e n e u t r a l 

k a o n ? 

Professor C. 
O n 10 A u g u s t P r o f e s s o r C e c i l F r a n k P o ­

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

d a y i n g in I t a l y . P r o f e s s o r P o w e l l w a s a n 

o u t s t a n d i n g p h y s i c i s t ( N o b e l P r i z e w i n n e r 

in 1950 a n d r e c i p i e n t o f m a n y o t h e r h o n ­

o u r s ) a n d a n o u t s t a n d i n g p e r s o n a l i t y 

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

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

h i s l i f e . 

H e w a s b o r n a t T o n b r i d g e , E n g l a n d , in 

1903 a n d s t u d i e d s c i e n c e a t C a m b r i d g e 

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

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

f o r d . In 1928 h e m o v e d t o t h e H. H. W i l l s 

P h y s i c s L a b o r a t o r y o f B r i s t o l U n i v e r s i t y 

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

b e c o m m g P r o f e s s o r o f P h y s i c s in 1948 

a n d D i r e c t o r o f t h e L a b o r a t o r y in 1964 . 

H i s d i s t i n g u i s h e d c a r e e r r e a c h e d a p e a k 

in t h e 1940s w h e n h i s w o r k w i t h n u c l e a r 

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

t e d in t h e d i s c o v e r y o f t h e p i o n in 1947 . 

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

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

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

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

c l e s a t a c c e l e r a t o r L a b o r a t o r i e s ) a n d 

e x p o s e d t h e m y s t e r y o f t h e m u o n . A r o u n d 

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

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

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

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

In a d d i t i o n t o t h e N o b e l P r i z e , a w a r d e d 

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

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

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

s o n s ' , h e r e c e i v e d t h e H u g h e s M e d a l o f 

t h e R o y a l S o c i e t y in 1949 , t h e R o y a l M e d a l 

o f t h e R o y a l S o c i e t y in 1962 , t h e L a m o n o -

s o v g o l d m e t a l in 1967 ( t h e h i g h e s t a w a r d 

o f t h e S o v i e t A c a d e m y o f S c i e n c e s ) , a n d 

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

F. Powell 
o f D u b l i n , B o r d e a u , W a r s a w , B e r l i n a n d 

P a d u a . 

T h i s i n t e r n a t i o n a l l i s t o f U n i v e r s i t i e s is 

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

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

P o w e l l w a s a m o n g t h o s e w h o h e l p e d t o 

p r o m o t e t h e i d e a o f C E R N in t h e e a r l y 

1950s a n d h a s b e e n c l o s e l y a s s o c i a t e d 

w i t h t h e L a b o r a t o r y e v e r s i n c e . F r o m 1961 

t o 1963 h e w a s C h a i r m a n o f t h e C E R N 

S c i e n t i f i c P o l i c y C o m m i t t e e a n d r e m a i n e d 

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

d e a t h . F r o m 1965 t o 1968 , h e w a s C h a i r ­

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

U K S c i e n c e R e s e a r c h C o u n c i l . 

A s a p e r s o n a l i t y P r o f e s s o r P o w e l l w a s 

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

i n t e r e s t , m a t u r i t y o f j u d g e m e n t a n d , a b o v e 

a l l , h i s o b r i o u s l o v e o f s o m u c h in h u m a n 

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

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

j e c t s . H e w a s a l w a y s c o n c e r n e d w i t h t h e 

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

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

w o r l d o f p h y s i c s . 

As we go to press we learn of the death 

at Berkeley on 18 August of another Nobel 

Prize winner in physics — Professor Otto 

Stern. 

Professor O. Stern was awarted the prize 

in 1943 'for his contributions to the 

development of the molecular ray 

method and for his discovery of the 

magnetic moment of the proton'. 

Professor Powell (right) in conversation with 
Professor Van Hove when he visited CERN in 
1964 for the 10th anniversary of the signing 
of the CERN Convention. 
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Around the Laboratories 1. The emitter of ultrasonic waves used (in 
conjunction with a conventional mechanical 
expansion system) to apply the required 
pressure changes to the liquid hydrogen in the 
25 cm bubble chamber alongside. The 
dimensions of the emitter are: outside diameter 
115 mm, inside diameter 70 mm, length 60 mm. 
The emitter is installed on the front flange of 
the chamber. 

2 and 3. Photographs of particle tracks obtained 
in the 25 cm chamber. The chamber was fed 
with negative pions at an energy of 340 MeV 
from the Dubna synchro-cyclotron. Photo 2 was 
taken without the ultrasonic system operating; 
Photo 3, with the ultrasonic system operating. 

DUBNA 
Physics results 
A n i n t e r e s t i n g r e s u l t w a s r e c e n t l y o b t a i n e d 

b y t h e g r o u p o p e r a t i n g t h e 1 m e t r e p r o ­

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

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

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

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

o f 5.1 G e V / c . In t h e c a s e o f i n t e r a c t i o n s 

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

f r e e p r o t o n s , a n a r r o w p e a k w a s o b s e r v e d 

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

t h e s y s t e m ' l a m b d a h y p e r o n p l u s g a m m a ' 

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

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

s h a p e o f t h e p e a k g i v e t h e m a s s o f t h e 

r e s o n a n c e a s 1327.5 ± 3.5 M e V w i t h a 

w i d t h o f 20 .0 ± 4 .4 M e V . T h e s a m e p e a k 

is a l s o o b s e r v e d in ' c a r b o n ' e v e n t s , w h e r e 

i t is r a t h e r w e a k e r . 

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

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

r e s o n a n c e a n d n o n - r e s o n a n c e s t a t e s a l ­

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

r o w p e a k . T h e g r o u p t h e r e f o r e b e l i e v e s 

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

e x i s t e n c e o f a n e w r e s o n a n c e Y * ° (Ay). 
1327 n 

A m o r e a t t r a c t i v e a l t e r n a t i v e w o u l d , o f 

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

t h e e x i s t e n c e o f a n e w b a r y o n ! F u r t h e r 

w o r k is c o n t i n u i n g t o o b t a i n m o r e s t a t i s ­

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

Nucléon clusters 

A t t h e D u b n a s y n c h r o - c y c l o t r o n , s t u d i e s 

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

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

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

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

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

T h e f i r s t s t a g e o f t h e s e s t u d i e s , w h i c h 

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

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

w a r d s c a t t e r i n g c r o s s - s e c t i o n o f 6 6 5 M e V 

p r o t o n s o n f r e e H e 3 a n d H e 4 n u c l e i a n d 

m e a s u r e m e n t s o n t h e k n o c k i n g o u t o f H e 3 

a n d H e 4 f r a g m e n t s f r o m l i g h t n u c l e i . O b ­

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

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

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

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

d e r o f 1 0 - 3 0 t o 1 0 ~ 3 1 c m 2 s t e r - 1 ) . T h e e x p e ­

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

s y n c h r o - c y c l o t r o n f o c u s e d o n t a r g e t s c o n -
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4. A view of the test rig at Dubna where the use 
of an electrodynamic expansion system for 
rapid cycling of a bubble chamber, taking 
advantage of high fields from superconducting 
coils, is being studied. 

5. The coil with a mobile superconducting 
winding before installation on the test rig. 

(Photos Dubna) 

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

H e 3 c l u s t e r s w i t h a n e n e r g y o f a b o u t 

5 3 0 M e V a n d H e 4 c l u s t e r s w i t h a n e n e r g y 

o f a b o u t 4 7 0 M e V , w h i c h w e r e k n o c k e d 

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

m o m e n t u m , t i m e o f f l i g h t , i o n i z a t i o n a n d 

f r e e - p a t h . T h e s p e c t r a f r o m L i 6 a n d B e 9 

n u c l e i r e v e a l e d a p e a k c a u s e d b y q u a s i -

e l a s t i c s c a t t e r i n g o f p r o t o n s o n 3 - a n d 

4 - n u c l e o n c l u s t e r s in t h e s e n u c l e i . B y 

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

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

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

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

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

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

m o d e l ; t h e s i z e o f t h e o b s e r v e d c r o s s -

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

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

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

Chemical reactions of muonium 

I n v e s t i g a t i o n s a t t h e s y n c h r o - c y c l o t r o n i n t o 

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

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

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

b e g i n n i n g t o t a k e a n i n t e r e s t i n g t u r n . A 

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

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

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

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

t h e j i — e d e c a y w a s m e a s u r e d a s a 

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

+ 9 0 ° t o — 1 9 6 ° C ) u s i n g m o n o c r y s t a l s o f 

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

a r s e n i c . T h e r e s u l t s a g r e e q u a l i t a t i v e l y 

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

( v a c a n c y ) d e n s i t y in a s e m i - c o n d u c t o r a n d 

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

g e r m a n i u m a t a l o w t e m p e r a t u r e . 

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

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

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

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

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

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

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

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

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

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

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

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

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

Ultrasonics in bubble chambers 

C E R N C O U R I E R h a s a l r e a d y c a r r i e d 

4 . 

i n f o r m a t i o n o n t h e o p e r a t i o n a t C E R N o f a 

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

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

s u r e c h a n g e s ( v o l . 8 p a g e 316) a n d h a s 

b r i e f l y r e p o r t e d s i m i l a r w o r k a t D u b n a 

( v o l . 9 p a g e 136) . 

T h e D u b n a w o r k b e g a n in 1967 a n d h a s 

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

t h e L a b o r a t o r y f o r N u c l e a r P r o b l e m s a n d 

t h e A c o u s t i c s I n s t i t u t e o f t h e U S S R A c a ­

d e m y o f S c i e n c e s . T h e a i m w a s t o e x a ­

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

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

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

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

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

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

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

e m i t t e r a n d r e c e i v e r . T h e e m i t t e r h a d a 

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

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

s o n i c e n e r g y a t a r e s o n a n t f r e q u e n c y c o r ­

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

(14 k H z ) . T h e e m i t t e r w a s p l a c e d a x i a l l y 

in r e l a t i o n t o t h e w o r k i n g v o l u m e o f t h e 

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

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

o f 3 4 0 M e V o b t a i n e d f r o m t h e s y n c h r o ­

c y c l o t r o n . 

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

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

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

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

t r a s o n i c p u l s e l a s t e d 15 m s (a v o l t a g e o f 

1.2 k V w a s f e d t o t h e e m i t t e r s i m u l t a n e o u s ­

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

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

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

a p p r o x i m a t e l y 1 a t m o s p h e r e . W i t h t h e 

c h a m b e r o p e r a t i n g a t 2 7 ° K t h e m e c h a n i c a l 

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

5. 

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

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

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

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

v o l u m e o f t h e c h a m b e r w a s s u c h t h a t 

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

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

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

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

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

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

r a s i t i c b o i l i n g . 

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

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

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

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

s y s t e m . 

Rapid cycling bubble chambers 

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

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

b u b b l e c h a m b e r s . T h e f a c t t h a t t h e n e w 

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

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

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

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

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

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

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

i n g c o i l . S u c h a n e l e c t r o d y n a m i c e x p a n ­

s i o n s y s t e m is q u i t e s i m i l a r t o p n e u m a t i c 

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

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

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

a n d s i m p l e in d e s i g n . 

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

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

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

c h a m b e r w h i c h is b e i n g b u i l t a t D u b n a , a n 

e x p e r i m e n t a l r i g h a s b e e n a s s e m b l e d . I t 

h a s a s u p e r c o n d u c t i n g c o i l g i v i n g a f i e l d 
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o f 3 0 k G a t i t s c e n t r e . S i t u a t e d a t t h e o u t ­

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

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

f i e l d is a t i ts m a x i m u m , is a m o b i l e s u p e r ­

c o n d u c t i n g w i n d i n g . T h e f o r c e w h i c h is 

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

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

d u m m y c h a m b e r . T h e w e i g h t o f t h e m o v ­

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

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

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

o f u p t o 1000 A in t h e m o b i l e w i n d i n g 

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

r e a c h i n g a v a l u e e q u i v a l e n t t o 1240 k g . N o 

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

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

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

in t h e l i q u i d h e l i u m c o n s u m p t i o n . 

STANFORD (SLAC) 
90 bubble chamber 
pictures per second 
T h e t w o s e c t i o n s a t t h e e n d o f t h e r e p o r t 

f r o m D u b n a a b o v e i n d i c a t e t w o a p ­

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

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

F r o m 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 c o m e s t h e n e w s t h a t H . B a r n e y , 

A . R o g e r s ( w h o a l s o p l a y e d a l e a d i n g r o l e 

in t h e u l t r a s o n i c c h a m b e r w o r k a t C E R N ) 

a n d S . J . S t . L o r a n t h a v e d e v e l o p e d a n d 

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

c y c l i n g r a t e o f 90 p e r s e c o n d . 

E x i s t i n g l a r g e c h a m b e r s h a v e r a t h e r 

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

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

q u i d in t h e c h a m b e r a n d a r e l i m i t e d t o a 

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

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

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

a c c e l e r a t o r . F o r e x a m p l e , i t w a s a q u i t e 

e x c e p t i o n a l a c h i e v e m e n t f o r A r g o n n e t o 

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

( s e e C E R N C O U R I E R v o l . 8 p a g e 3 1 2 ) . I t 

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

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

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

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

a s i g h o f r e l i e f ) b u t t h e r e w i l l p r o b a b l y b e 

g r e a t i n t e r e s t if s m a l l b u b b l e c h a m b e r s , 

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

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

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

On 28 July, the UK Minister of State for Education 
and Science, Mrs. Shirley Williams, visited 
Daresbury Nuclear Physics Laboratory where 
research is centred on the 5 GeV electron 
synchrotron NINA. Mrs. Williams was 
accompanied by Sir Brian Flowers, Chairman of 
the Science Research Council. (Professor Flowers 
received a knighthood in the Queen's Birthday 
Honours List.) 
1. Mrs. Williams listening to an explanation by 

E. Erickson of an experiment being carried 
out by an Orsay/Strasbourg/Daresbury team on 
backward positive pion photoproduction. 

2. Grouped between the spectrometer arms of 
the Lancaster/Manchester experiment which 

looks at inelastic electron scattering, left to 
right: R.G.P. Voss (acting Director of the 
Laboratory), A. Merrison (Vice Chancellor of 
Bristol University), Mrs. Williams, A. CI egg 
(leader of the experimental group) and Sir 
Brian Flowers. 

3. Members of the Nuclear Physics Board of 
the SRC on the Laboratory's barge which 
makes use of one of the most pleasing features 
of the Laboratory site — the Bridgewater canal 
which runs along one of its boundaries. 

4. J.B. Adams, Director Designate of the 300 GeV 
Laboratory, emerging from the barge. 

(Photos Daresbury). 
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A photograph taken in the original 5 cm 
hydrogen bubble chamber at Stanford when 
operating ai a rate of 90 pictures per cccond. 

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

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

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

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

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

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

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

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

e d in a t i m e o f a b o u t a q u a r t e r o f a m i l l i ­

s e c o n d a n d c a n b e s n u f f e d o u t in j u s t 

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

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

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

d r e d p e r s e c o n d . 

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

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

c y l i n d r i c a l c h a m b e r 5 c m in d i a m e t e r a n d 

5 c m h i g h in w h i c h t h e c h a m b e r b o d y c o n ­

s i s t e d o f a c o n v o l u t e d b e l l o w s . T h i s w a s 

c o n n e c t e d t o a ' V i b r a t i o n E x c i t e r ' s o t h a t 

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

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

p o w e r i n g i ts l o u d s p e a k e r c o i l . 

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

o p e r a t i o n u p t o 60 c y c l e s p e r s e c o n d a n d , 

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

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

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

S u c c e s s f u l o p e r a t i o n c o n t i n u e d a t 90 H z 

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

— s t e a d y p r e s s u r e o n t h e l i q u i d , P Q , w a s 

9.2 a t m o s p h e r e s ; p r e s s u r e b e l o w w h i c h 

b u b b l e s f o r m e d , P v , w a s 6.8 a t m . ; a m p l i ­

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

t h e e x p a n s i o n s y s t e m , A p , w a s 3.8 a t m . 

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

i o n i z i n g p a r t i c l e s f r o m a c o b a l t 60 s o u r c e 

a n d f r o m t h e S L A C e l e c t r o n l i n a c . N o 

' r e s i d u e ' f r o m u n c o m p r e s s e d b u b b l e s f r o m 

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

t h e p h o t o g r a p h s ( c h e c k e d b y p h o t o g r a p h ­

i n g a n e x p a n s i o n f o l l o w i n g o n e in w h i c h 

p a r t i c l e s w e r e f i r e d i n ) . 

A l a r g e r c h a m b e r , 10 c m d i a m e t e r , 7 c m 

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

a l s o o p e r a t e d s u c c e s s f u l l y a t 90 H z . T h i s 

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

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

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

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

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

m e n s i o n s o f 25 t o 30 c m w h i c h c o u l d 

o p e r a t e a t c y c l i n g r a t e s o f a r o u n d 120 p e r 

s e c o n d . 

ARGONNE 
Negative hydrogen 
ion injection into ZGS 
O n 1 J u l y n e g a t i v e h y d r o g e n i o n s w e r e 

i n j e c t e d i n t o t h e Z e r o G r a d i e n t S y n c h r o ­

t r o n a t a n e n e r g y o f 50 M e V , s t r i p p e d o f 

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

t o t h e f u l l s y n c h r o t r o n e n e r g y o f 12.5 G e V . 

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

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

f o r a p r o p o s e d B o o s t e r I n j e c t o r f o r t h e 

Z G S , d e s i g n e d t o i n c r e a s e t h e i n t e n s i t y o f 

t h e m a c h i n e b y a b o u t a f a c t o r o f t e n . It 

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

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

d r a w n f r o m n e g a t i v e i o n i n j e c t i o n . 

T h e t e c h n i q u e o f c h a r g e e x c h a n g e i n ­

j e c t i o n w a s p r o p o s e d b y G . I . B u d k e r a t 

N o v o s i b i r s k in 1959 ( r e p o r t e d f o r e x a m p l e 

a t t h e D u b n a A c c e l e r a t o r C o n f e r e n c e in 

1963) a s a w a y o f d e f y i n g L i o v i l l e ' s t h e o ­

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

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

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

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

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

c r o s s - s e c t i o n by i n t r o d u c i n g a w i d e -

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

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

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

i n j e c t i o n , h o w e v e r , t h e t h e o r e m d o e s n o t 

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

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

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

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

s u c c e s s f u l t e s t s o f t h e i d e a in A u g u s t 1 9 6 4 

( r e p o r t e d b r i e f l y a t t h e F r a s c a t i A c c e l e r a ­

t o r C o n f e r e n c e in 1965 ) . T h e i r m a i n c o n ­

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

r i n g s a t N o v o s i b i r s k . T h e y u s e a d o u b l e 

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

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

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

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

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

f u r t h e r c o n v e r t e d t o a p r o t o n . 

T h e i n t e r e s t in t h i s t e c h n i q u e a t A r g o n n e 

is in t h e c o n t e x t o f a p r o p o s e d 5 0 0 M e V 

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

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

b e l i e v e d p o s s i b l e t o a c h i e v e a h i g h p h a s e 

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

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

f o r i n j e c t i o n i n t o t h e m a i n s y n c h r o t r o n r i n g 
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1. Layout of the proposed 500 MeV Booster to 
increase the intensity of the Argonne 
Zero Gradient Synchrotron. Negative 
hydrogen ions are fed to the rapid cycling 
Booster where they are converted to protons 
which are accelerated to 500 MeV for 
injection into the ZGS. 

2. Photograph of the stripping foil in its holder 
which was used in preliminary tests of the 
charge exchange injection technique. 

3. Beam paths at the stripping foil. The 
incoming negative ion beam converts to 
protons and the magnetic field holds the proton 
orbits at the position of the foil while 
injection continues over many turns. 

(Photos Argonne) 

1 . 

2 . 

o f t h e Z G S w h e r e , a t t h i s i n j e c t i o n e n e r g y , 

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

1.4 x 1 0 1 4 p r o t o n s . 

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

p r o d u c e d in a h y d r o g e n g a s c h a r g e e x ­

c h a n g e c e l l (15.2 c m l o n g , 1.19 c m d i a ­

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

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

p l a s m a t r o n s o u r c e . 

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

s y s t e m y i e l d e d a n e g a t i v e ( u n a n a l y z e d ) 

c u r r e n t o f 8 m A . F r e e e l e c t r o n s p r o d u c e d 

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

3. 

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

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

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

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

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

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

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

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

F o r t h e i n i t i a l a t t e m p t a t H~ i n j e c t i o n 

i n t o t h e Z G S , o n l y 0.4 m A o f n e g a t i v e i o n 

c u r r e n t w a s a c c e l e r a t e d b y t h e 7 5 0 k V 

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

l e r a t o r . O f t h i s , 0.2 m A w a s a c c e l e r a t e d 

t o 5 0 M e V a n d i n j e c t e d i n t o t h e Z G S . A f t e r 

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

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

t r o n , 1 5 0 { is o f i n j e c t e d b e a m ( c o r r e s p o n d ­

i n g t o 1.8 x 1 0 1 1 H " i o n s i n j e c t e d o v e r 

m a n y t u r n s ) y i e l d e d 3 x 1 0 1 0 p r o t o n s / p u l s e 

a c c e l e r a t e d t o 12 .5 G e V . 

T h e c o n v e r s i o n f r o m H~ t o H + w a s a c ­

c o m p l i s h e d u s i n g a P o l y (P) X y l y l e n e f o i l 

5 8 0 0 Â t h i c k , 5.1 c m w i d e a n d 11 .4 c m 

h i g h . ( T h e U n i o n C a r b i d e C o r p o r a t i o n 

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

C.) P r e l i m i n a r y m e a s u r e m e n t s w i t h t h e 

s t r i p p e r f o i l i n t h e 5 0 M e V b e a m t r a n s p o r t 

s y s t e m s h o w e d t h a t t h e H~ t o H + c o n v e r ­

s i o n e f f i c i e n c y w a s b e t t e r t h a n 9 0 % . F o r 

i n j e c t i o n i n t o t h e Z G S , t h e s t r i p p i n g f o i l 

w a s l o c a t e d 61 c m i n t o t h e f i r s t m a g n e t 

o c t a n t a n d 2 8 c m o u t s i d e t h e c e n t r a l o r b i t 

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

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

s t r a i g h t s e c t i o n a t a n a n g l e o f 3 ° a r e 

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

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

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

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

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

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

t h e n e g a t i v e i o n i n j e c t i o n . I n j e c t i o n c o u l d 

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

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

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

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

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

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

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

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

a f t e r i n j e c t i o n w a s e x p e c t e d t o b e s m a l l , 

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

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

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

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

m a l v a l u e o f 2 0 k G / s t o 10 k G / s t o r e d u c e 

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

t u d e s f o r l o n g i n j e c t i o n t i m e s . In t h e f u ­

t u r e , s t i l l s m a l l e r r a t e s o f r i s e f o r t h e f i e l d 

w i l l b e t r i e d . 

In t h e B o o s t e r p r o p o s a l , d u r i n g t h e p r e ­

l i m i n a r y FT i n j e c t i o n s t u d i e s a n d t u n e - u p 

o f t h e B o o s t e r , n o r m a l o p e r a t i o n o f t h e 

Z G S w o u l d c o n t i n u e w i t h i n j e c t i o n a n d 

s t r i p p i n g o f H " i o n s a t 5 0 M e V . T h i s w o u l d 

r e q u i r e i m p r o v e m e n t o f t h e s o u r c e a n d 

b e t t e r m a t c h i n g i n t o t h e 7 5 0 k V c o l u m n 

a n d l i n e a r a c c e l e r a t o r t o p r o d u c e a c c e p t ­

a b l e b e a m i n t e n s i t i e s . 
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EEV g l a s s a n d c e r a m i c h y d r o g e n t h y r a t r o n s are 
e x t e n s i v e l y u s e d t o p r o v i d e m o r e p rec i se a n d 
e f f i c i e n t h i g h s p e e d s w i t c h i n g . He re are s o m e o f 
t h e r e a s o n s w h y : 
1 T h e i r s h o r t a n o d e d e l a y t i m e o f b e t w e e n 2 0 
a n d 1 2 0 n a n o s e c o n d s d e p e n d i n g o n t r i g g e r i n g 
m e t h o d . 
2 L o w j i t t e r g e n e r a l l y o f 1 t o 2 n a n o s e c o n d s b u t 
d o w n t o less t h a n ^ n a n o s e c o n d d e p e n d i n g o n 
hea te r s u p p l y . 
3 T h e n e g l i g i b l e c h a n g e in a n o d e d e l a y t i m e — 
t y p i c a l l y o n l y 1 0 n a n o s e c o n d s o v e r a l o n g p e r i o d 
o f use . 
4 A h i g h p e a k i n v e r s e v o l t a g e c a p a b i l i t y o f 2 0 k V 
i m m e d i a t e l y f o l l o w i n g p u l s e . 
5 T h e l o w t r i g g e r p o w e r r e q u i r e d . 
6 T h e w i d e o p e r a t i n g v o l t a g e r a n g e o f 1 k V - 1 2 0 k V 
w i t h f o u r t u b e s . 
7 T h e a b i l i t y t o c o n t r o l a n o d e d e l a y t i m e a n d r ise 
t i m e o f c u r r e n t u s i n g rese rvo i r . 
8 T h e w i d e rese rvo i r r a n g e f o r m a i n t e n a n c e o f 
g a s p ressu re t y p i c a l l y 4 . 5 V t o 5 .7V . 
T h e s t a n d a r d r a n g e p l u s EEV's a b i l i t y t o m e e t 
s p e c i a l r e q u i r e m e n t s m e a n s t h a t v i r t u a l l y a n y 
h i g h s p e e d s w i t c h i n g a p p l i c a t i o n c a n be m e t . 
H e r e are a f e w : 
R a d a r m o d u l a t o r s w i t h a s y s t e m o u t p u t p o w e r 
o f 1 0 k W - 1 0 M W . 
M e d i c a l l i n e a r a c c e l e r a t o r s w i t h RF 
a c c e l e r a t i n g p o w e r s u p t o 1 5 M W . 
P a r t i c l e l i n e a r a c c e l e r a t o r s w i t h RF 
a c c e l e r a t i n g p o w e r s u p t o 5 0 M W . T h e y m a y a l so 
b e u s e d in f i r s t - s t a g e p a r t i c l e b e a m c h o p p e r s . 
P a r t i c l e b e a m b e n d e r s w h e r e a n e t w o r k o f 
s t o r e d e n e r g y n e e d s t o be d i s c h a r g e d i n t o a 
d e f l e c t i o n c o i l o r o t h e r d e v i c e s o m e w h e r e o n t h e 
a c c e l e r a t i n g r i n g . 
S p a r k c h a m b e r s 
F o r p u l s i n g l i g h t s h u t t e r s s u c h as Kerr o r 
P o c k e l ce l l s . 
E l e c t r o n i c c r o w b a r s a n d e n e r g y d i v e r t e r s 

EEV thyratrons-
for better 
high speed 
switching 

B r i e f d a t a o n s o m e 
o f t h e c e r a m i c t y p e s 
a v a i l a b l e . 

S e n d f o r f u l l d e t a i l s 
o f t h e c o m p l e t e r a n g e 
o f EEV t h y r a t r o n s . 

English Electric Valve Co Ltd 
C h e l m s f o r d Essex E n g l a n d T e l e p h o n e : 6 1 7 7 7 
T e l e x : 9 9 1 0 3 G r a m s : E n e l e c t i c o C h e l m s f o r d 
R e p r e s e n t e d b y : 

Roschi Telecommunication A.G. 
G i a c o m e t t i s t r a s s e 1 5 , P.O. B o x 6 3 . 3 0 0 0 B e r n 3 1 , 
T e l : ( 0 3 1 ) 4 4 - 2 7 - 1 1 T e l e x : 3 2 - 1 3 7 

I a m p a r t i c u l a r l y 
i n t e r e s t e d in u s i n g a 
t h y r a t r o n w i t h t h e 
f o l l o w i n g p a r a m e t e r s : 

A p p l i c a t i o n 

P e a k p o w e r o u t p u t 

Peak f o r w a r d v o l t a g e 

P e a k a n o d e c u r r e n t 

P lease s e n d m e f u l l d a t a o n y o u r c o m p l e t e r a n g e o f g l ass a n d c e r a m i c h y d r o g e n t h y r a t r o n s 

NAME POSITION 

COMPANY 

ADDRESS 

TELEPHONE NUMBER EXTENSION 

AP 356 CC4 

2 4 1 

r e a K r e a k P e a k M e a n 
p o w e r ' f o r w a r d a n o d e a n o d e 
o u t p u t H e a t i n g v o l t a g e c u r r e n t c u r r e n t 

T y p e m a x F a c t o r m a x m a x m a x 
( M W ) ( V . A . p . p . s . ) ( k V ) ( A ) ( A ) 

C X 1 1 5 4 5 O 0 3 0 x 1 0 9 4 0 2 5 0 0 3 .0 

C X 1 1 5 7 3L5 7 x 1 0 9 2 0 3 5 0 0 . 3 5 

C X 1 1 6 8 1 0 0 . 0 7 0 x 1 0 9 8 0 2 5 0 0 2 .5 

C X 1 1 7 1 1 5 0 7 0 x 1 0 9 1 2 0 2 5 0 0 2 .5 

C X 1 1 7 4 ]20 6 0 x 1 0 9 4 0 6 0 0 0 6 .0 

C X 1 1 7 5 2 0 0 1 4 0 x 1 0 9 8 0 5 0 0 0 6 .0 

C X 1 1 8 0 12J> 9 x 1 0 9 2 5 1 0 0 0 1 .25 
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I n t h e f i e l d o f N u c l e a r P h y s i c s , 
L i n t o t t E n g i n e e r i n g L i m i t e d is w e l l k n o w n f o r t h e 
d e s i g n a n d m a n u f a c t u r e o f c o m p l e t e m a g n e t 
s y s t e m s , i n c l u d i n g c o i l s , v a c u u m c h a m b e r s a n d 
c u r r e n t s t a b i l i s e d p o w e r s u p p l i e s . I n d e s i g n , 
d e v e l o p m e n t a n d p r o d u c t i o n , e q u i p m e n t s u p p l i e d , 
b y L i n t o t t m e a s u r e s u p t o t h e m o s t e x a c t i n g 
s t a n d a r d s o f s o p h i s t i c a t i o n , p r e c i s i o n a n d 
p e r f o r m a n c e . W i t h t h e i r e x t e n s i v e e x p e r i e n c e 
i n r e s e a r c h a n d d e v e l o p m e n t , L i n t o t t w i l l a l s o 
u n d e r t a k e t h e p r o d u c t i o n o f s p e c i a l p r o t o t y p e s , 
e l e c t r o n i c e q u i p m e n t a n d m a n y o t h e r 
i t e m s o f s p e c i a l i s e d e q u i p m e n t . 

F o r f u r t h e r i n f o r m a t i o n , s e n d f o r c o p i e s 
o f o u r b r o c h u r e s , o r a d v i s e u s o f y o u r 
i n d i v i d u a l r e q u i r e m e n t s . 

High stability power supply. 
Versatility, 
consistent performance, 
competitive price. 
As recently supplied 
to N.P.A. CERN. 

Vacuum chamber. 
An important feature 
of 10 bending magnets-
supplied by Lintott 
to Deutsches Elektronen 
Synchrotion (DESY). 

i 
8 

L I M T O T T E N G I N E E R I N G L T D 
I Foundry Lane Horsham Sussex England 
^ TELEPHONE: HORSHAM 3316 TELEGRAMS: VULCAN, HORSHAM 

A Y L I N G 

^ I N D U S T R I E S ) 

I G R O U P / 
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COMPLETE 

Magnet 
System; 

by LINTOTT 



New 
Vacuum Gauges 
as 
Rack Panels 
as 
Consoles 
or as a Fitting 

W i t h t h e r e - d e s i g n of t h e i r w e l l - k n o w n 
v a c u u m g a u g e s w h i c h h a v e b e e n in 
p o p u l a r u s e f o r t h e p a s t 20 y e a r s , 
B A L Z E R S h a v e f u l f i l l e d t w o i m p o r t a n t 
t e c h n i c a l r e q u i r e m e n t s ; s u i t a b i l i t y o f t h e 
e q u i p m e n t f o r i n s e r t i o n i n to s t a n d a r d 
r a c k s , a n d f u r t h e r e x t e n s i o n o f t h e h i g h 
v a c u u m m e a s u r i n g r a n g e o f t h e i n s t r u ­
m e n t s . 
A d a p t a t i o n to m o d e r n t e c h n i c a l r e q u i r e ­
m e n t s w a s s i m p l i f i e d f o r B A L Z E R S by 
t h e i r b a c k g r o u n d of w i d e e x p e r i e n c e in 
t h e c o n s t r u c t i o n of v a c u u m m e a s u r i n g 
e q u i p m e n t , a n d t h e n e w B A L Z E R S 
v a c u u m g a u g e s a r e a p r o d u c t o f t h e 
n a t u r a l p r o c e s s e s of g r o w t h a n d m a t u ­
r i ty . 

S p e c i a l Fea tures 
— o u t s t a n d i n g l y e f f i c i e n t ; 
— c o m p a c t in s h a p e a n d a p p e a r a n c e ; 
— p r a c t i c a l p r o g r a m m e n e c e s s i t a t i n g 

f e w g a u g e s f o r t h e p r e s s u r e r a n g e 
760 t o 10 -11 T o r r ( fo r e x a m p l e K V 7 1 3 : 
f r o m 1 to 10 -8 T o r r ) ; 

— I n d i c a t i o n : a c c u r a t e a n d r e p r o d u ­
c i b l e ; 

— T y p e o f c o n s t r u c t i o n : m o d e r n , r o b u s t 
a n d r e l i a b l e in o p e r a t i o n ; 

— s t a n d a r d s i ze c o n n e c t i o n s f o r r e c o r ­
d e r a n d c o n t r o l i n s t r u m e n t s ; 

— a v a i l a b l e as a un i t f o r f i t t i n g in e x i s t ­
i n g c o n t r o l p a n e l s a n d p l a n t s as r e ­
q u i r e d ; 

— a v a i l a b l e as a 1 9 " rack p a n e l ; 
— a v a i l a b l e w i t h s i d e p a n e l s as a p o r t ­

a b l e c o n s o l e , s u i t a b l e f o r s t a c k i n g . 

B A L Z E R S p r o g r a m m e of m e a s u r i n g 
e q u i p m e n t a l so i n c l u d e s : v a c u u m re l ays 
l e a k d e t e c t o r s a n d m a s s s p e c t r o m e t e r s . 

BALZERS AKTIENGESELLSCHAFT 
fiir Hochvakuumtechnik und Dunne Schichten 
FL-9496 Balzers • Principality of Liechtenstein 

U n i t e d K i n g d o m : 

B A L Z E R S H I G H V A C U U M L I M I T E D 
B e r k h a m s t e d , Her ts . , 
T e l e p h o n e : B e r k h a m s t e d 2 1 8 1 
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When a batch of stainless steel EO series pump bodies emerges from our 
Edwards vacuum furnace they are clean, thoroughly degassed—really 
C-L-E-A-N. We make sure of that by giving them a one hour degas 
soak at 1Q60°C with a terminal pressure of 1 0 - 4 torr at temperature. 
That, and their crevice-free design, is why they reach peak performance as 
soon as you put them into operation. 
Performance data for the EO Series and all Edwards oil and mercury 
vapour diffusion pumps up to 36 in. diameter are summarised in our new 
publication 05663—copies on request. 

Edwards 

EDWARDS 
EO Series 
diffusion 
pumps 
reach 
peak 
performance 
faster — 

THEY ARE 
VACUUM 
BRAZED 

Edwards Vacuum Components Limited 
A m e m b e r o f t h e B O C g r o u p 

Manor Royal, Crawley, Sussex, England 
Telephone Crawley 28844 Telex 87123 Edhivac Crawley 

P1698 
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RELAIS 

Natural and synthetic rubber 

Plastic materials 

Power transmission elements 

Sealing specialists (GACO) 

Agents & distributors : 

Angst+Pfister 
G E N E V A 
Z U R I C H 
M l L A N O 

High Energy & Nuclear Equipment S.A. 
2, chemin de Tavernay, 1218 GENEVE - Tel. 022/34 17 07/05 

IMPROVEMENT 
IN TECHNICAL SERVICES 

It is wi th pleasure that we announce the appointment to our senior staff of 
Mr. Robert (Bob) BROOMFIELD, a qual i f ied and highly experienced 
electronics engineer. Mr. Broomf ie ld 's experience ranges over many 
branches of engineering and different equipment, but for the past 7 years 
he has been concerned with electronics used in High Energy, Nuclear and 
Medical Physics. He has travel led widely in the United Kingdom and 
throughout Europe demonstrat ing and talk ing about special ised systems. 
For example, LABEN Kicksorters, ADC's and Computer Interfaces, NUCLEAR 
ENTERPRISES Ge and Si Detector Systems and LeCROY Fast Electronics. 
During August, Bob Broomfield wi l l be vis i t ing our Principals in the United 
Kingdom but from mid September wi l l be at your disposal to discuss 
oroblems in Appl ied Scint i l la t ion Counting and Spectroscopy, Data 
Handl ing, Display and Recording, etc... His services are free if you are 

interested in the equipment offered by our Principals. 
Mr. Broomfield 's appointment wi l l enable us to give you a great deal more 
help before and after supplying equipment. For example, we now intend to 
run short courses on various subjects. One of the f irst wi l l be the operation 
and elementary maintenance of 400 and 4096 channel Kicksorters — if you 
could be interested in this, please let us know. We would also l ike to have 
your suggestions for other courses you would f ind useful — remember our 
Principals can assist with these and they jo int ly have an enormous amount 

of knowledge about the equipment you need to do your experiments. 
Since Mr. Broomfield 's appointment we have added four more graduate 
Physicist/Engineers to our staff, two in Madrid and one in Bi lbao. The 
fourth is Dr. Jesus Sanchez Izquierdo who wi l l act as Personal Represen­
tative of the Managing Director at our new offices and Laboratories in 
Madrid — Felipe II 18, 1° Drcha — telephone No 226 51 69. Telex : Rand E 

226 25 Attent ion HENESA. 

NEW APPOINTMENTS 
The majori ty of CERN Courier Readers know our establ ished Principals but in 
addi t ion we are pleased to announce our exclusive appointment in 
Switzerland for SELO Societa Elettronica Lombarda of Milan for Ultrasonic 
Cleaning and Nuclear Medicine Equipment which includes their wel l known 
Dual Headed Scint i l lat ion Scanner. We have also been appointed the Swiss 
representative of APEC American Process Equipment Corporat ion of 

Panama City/Flor ida, for their Ultrasonic Cleaning Equipment. 
OTE-GALILEO of Florence, wel l known for their Cardiology, Operating and 
Recovery Room, Neurology and Intensive Care Equipment, have also invited 

us to act for them. 

Ronald Stiff : Managing Director 

Relais «Reed», conception nouvelle, REL R-10 

• R e l a i s m i n i a t u r e p o l a r i s é 

• E n c o m b r e m e n t 

1 0 X 1 0 X 2 0 m m 

• 1 d o u b l e c o n t a c t i n v e r s e u r 

a u r h o d i u m 

• T e m p s d e r é p o n s e 
e x t r ê m e m e n t c o u r t 

• C o m p e n s é e n t e m p é r a t u r e 

• E x é c u t i o n m o n o - o u b i s t a b l e , 
1 o u 2 b o b i n e s 

• P r i x m o d i q u e s 

Relais «Reed», types ARID et ERID 

• P o u r c o u r a n t c o n t i n u 

• C o n t a c t s « D r y - R e e d » 

o u m e r c u r e 

• J u s q u ' à 6 c o n t a c t s d e t r a v a i l 

o u i n v e r s e u r s 

• C o m m u t a t i o n t r è s r a p i d e 

• H a u t e s e n s i b i l i t é 

• C o n n e x i o n s p o u r c i r c u i t s 
i m p r i m é s 

Relais microrupteurs type REL 20 

• P o u r c o u r a n t c o n t i n u o u 
a l t e r n a t i f 

• F a i b l e e n c o m b r e m e n t 
2 0 X 2 0 X 2 4 m m 

• 1 o u 2 c o n t a c t s i n v e r s e u r s 
6 A 2 5 0 V ^ 

• C o n n e x i o n s : 

p a r s o u d u r e 

p a r c l i p s ( p . e x . A M P - 1 1 0 / 0 , 5 ) 
p o u r c i r c u i t s i m p r i m é s 

Relais miniatures REL 40 

• C o n t a c t s i m p l e o u d o u b l e 

• 2 à 6 c o n t a c t s i n v e r s e u r s 

• H a u t e f i a b i l i t é 

• P o u r c o u r a n t c o n t i n u 

o u a l t e r n a t i f 

• P R I X T R È S M O D I Q U E S 

• E X É C U T I O N S C O U R A N T E S 
L I V R A B L E S D E S T O C K 

Relais industriels REL 60 

• U t i l i s a t i o n u n i v e r s e l l e 

• C o n t a c t s 6 A 2 5 0 V ^ 

j u s q u ' à 2 0 l a m e s 

• C o n t a c t s 0,5 A 60 V ^ 

j u s q u ' à 3 0 l a m e s 

• C o n t a c t s e n d i f f é r e n t s 
m a t é r i a u x 

• A d a p t é s à t o u t e s e x i g e n c e s 

• E x é c u t i o n p o u r c o u r a n t 
a l t e r n a t i f a v e c r e d r e s s e u r 

• E m b r o c h a b l e , s u r d e m a n d e 

ERNI + Co. Elektro-lndustrie 
CH-8306 Brùttisellen-Zùrich 
Telephon 0 5 1 / 9 3 1 2 1 2 
Telex 53 699 

245 



GHz. ATTENUATORS 
n. S. DELAYS 

manually operated and remotely programmable 

by 

•0 

m 

• I I I 1 

wiiiiillllSllI 

J and P introduce a new range of attenuators and 

coaxial cable defined delays. These are available in 

manually operated or remotely programmable versions. 

High reliability switches or relays embedded in low 

loss transmission lines achieve sub nanosecond 

response. All designs are packaged in NIM, CAMAC 

and free standing options. 

NM 630 Dual attenuator, push button control 

1,2, 4, 6 a n d 1 2 d B 

less than 0.5 nS response 

NM 640 Dual 50 ohm coaxial delay 

push button control 

1, 2, 4, 8 and 16 nS 

NM 641 Dual delay, 0.5, 1, 2, 4 and 8 nS 

and 1,2, 4, 8 and 16 nS 

NM 642 Dual delay, 0.25, 0.5, 1, 2 and 4 nS 

and 1,2, 4, 8 and 16 nS 

NM 635 50 ohm attenuator, relay control 

1,2, 4, 6, 12 and 20 dB 

NM 645 Single delay, relay control 

1, 2, 4, 8, 16 and 32 nS 

a l i i 111 
WÊÊÊÊÊHKÊ 

§!||| 
• 1 1 1 
i ï l l l i ï ï 

i 

i t s 

L 
WÊÊÊÈ 

Write for details of these and other instruments to : 

J & P ENGINEERING, PORTMAN HOUSE, Cardiff Road, Reading, England. Tel. (0734) 52227 

J & P Engineering (Reading) Limited 
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I N T R O D U C I N G 
OMIMllOgiCI: THE WORLD'S FIRST ALL-IC FAST LOGIC SYSTEM 
• A totally new approach to fast logic for high-energy instrumentation (not 

just conventional circuits repackaged using IC's). 
• Less than half the cost of conventional instrumentation — $10 (or less) per 

incremental logic decision. 
• Circuit elegance afforded by unique system concept permits fewer, simpler, 

more reliable modules. 
• All NIM-compatible signal levels. 
• Built-in test pattern generators. 
• Outputs organized for scalers, computers, magnetic tape recorders. 
• Even faster than conventional 200 MHz logic systems — speed achieved 

through highly parallel computer-type logic. 
• Simple, clean setup and operation; simultaneous analysis of background 

events; free of the propagated, compounded timing inaccuracies and dead-
time effects inherent in conventional fast logic systems. 

A totally different concept. Send for product literature on: OMIMllODiCI. 

LeCROY RESEARCH SYSTEMS 
C O R P O R A T I O N 
Rte. 303, W. Nyack, N.Y. 10994 • (914) 358-7900 L P S 



THE FASTEST CONVERTER OF TIME-PROVEN OPERATIONAL 
EFFICIENCY AVAILABLE FROM MASS PRODOCTION 

330 MHz 
equivalent dock rate 

differential linearity : 0 , 1 % 
integral linearity : 0 , 0 4 % 
input mode 

number of channels 

: AC or DC coupled 
: DC restorer 
4096 

LABEN SLIDING 

FOR CONNECTION 

I 

SCALE CONVERTER MOD. FC 60/4096 LÀ BE N patent 7 4 5 3 4 8 - C I S E patent 699271 

WITH COMPUTERS AND MULTICHANNEL ANALYZERS 

Plug-in for Spectrum Stabilizer available 

• • p r i c e c o m p e t i t i v e 

Divisione della MONTEDEL-Montecatini Edison Elettronica S.p.A. 
Milano-Via E. Bassini, 15 -Telefono, 2 3 6 5 5 5 I - Telex, 3 3 4 5 I 

AUSTRALIA: A.A. Guthrie Pty., Ltd. 16-18 Meeks Road, Marr ickvi l le N.S.W. - AUSTRIA AND GERMANY: Elektronik - Service GmbH, Savignystrasse 55, 6 
Frankfurt Main 1 - DENMARK: Hans Buch and Co. A/S, Svanevej 6, P.O. Box 975, 2400 Kobenhavn N.V. - FRANCE: Numelec S.A., 2 Petite Place, 78 Versai l les 
GREAT BRITAIN AND IRELAND: Nuclear Enterpr ises Limited, Sighthi l l , Edinburgh 11 (Sco t land) - ISRAEL: Palec Ltd., 7, Rishonim St. P. O.B. 1039 
Ramat -Gan - NETHERLANDS: Intechmij N.V., Hoogkarspelstraat 68, Postbus 8068, Den Haag - NEW ZEALAND: A.A. Guthrie Ltd., 4 Adelaide Road, C.P.O. 
Box 1944, Well ington - NORWAY: H. Meltzer and Co., Bygdo Allé 23, P.O. Box 3038 Elisemberg, Oslo 2 - SWEDEN: Polyamp AB, FACK 17500, Jakobsberg 
SWITZERLAND: High Energy & Nuclear Equipment S.A., 2 Chemin de Tavernay; Grand - Saconnex, 1218 Geneva (Enquiries handled also for Spain and Portugal) 
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High performance/ 
low priced varian data 
systems computers. 

varian data 620/i. 
Over 500 installed. 

A third generation system computer with an excep­
tional price/performance ratio. 

For easy interfacing with your system. Party line 
communication. Over 100 basic commands. Directly 
addressable memory — 4K to 32K words. 16 or 18 bits 
with a 1.8 microsecond cycle time. 

Multi-level priority interrupts. 9 hardware registers; 
6 addressing modes. 

Micro EXEC addressing option — handles instruc­
tions at submicrosecond speeds, giving a 10 to 1 
speed advantage over stored programs. I O V 2 " of 
rack space; 67 pounds, including power supply. 

Field proven software. Cost: only $13,900 with 
ASR 33 TTY. 

varian data 520/i. 
New $ 7,500 
dual-environment computer. 

Dual-environment eliminates the need to save-and-
restore routines each time an interrupt occurs. 

Single-instruction transfers control between envir­
onments. For example, between processing and I/O 
programs. 

Memory expandable from 4K bytes to 32K bytes 
with 1.5 microsecond cycle time. 

11 interrupt lines; 12 hardware registers. Functions 
arithmetically in 8, 16, 24, 32 bit lengths within same 
program. 

50 basic instructions with over 500 register-to-
register operations. Monolithic integrated circuits. 

varian 
data machines 

a varian subsidiary 
Frankfurter Ring 81 
8 Muenchen 13, West Germany 
(0811) 35 91 098 

SALES OFFICES: United States, Australia, Belgium, Canada, France, Germany, India, Italy, South Africa, Sweden, Switzerland, United Kingdom and Ireland. 
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SEMES800FAST SCALING SYSTEM 
A completely new scaler set with unexpected possibilities and unique convenience in use: 

TYPE 801 SCALER MODULE 
• Readout on the flight. The entire set of scalers can 

be readout, closing the gate for half a micro-second. 
• A scaler system in NIM modules without the clumsy 

data cable harness on the back. 
• Binary counting but decimal display, data available 

for storage or processing in BCD or pure binary 
format. 

• Drive units for type-writer, puncher or incremental 
magnetic tape transport available (Type 816). 

• Five 100 MHz 16 bit scalers in a single two unit 
NIM module. 

• Individual fast Gates. 
• Integral high rate test in each module. 
• All inputs and outputs for fast NIM signals. 

Representatives throughout Europe and The United States 

TYPE 811 CENTRAL UNIT 
• Able to control up to 100 scalers. 
• Convenient decimal Display of scaler address and content. 
• Comprehensive and flexible control circuits. 
• Data available as decimal characters for printer/puncher 

control or as parallel binary word for computer interfacing. 
• Readout rates up to 660 000 16 bit words per second. 

E L E C T R O N I Q U E 
31 Av. Ernest-Pictet-1211 GENEVA 13/Switzerland-Tel.(022) 44 29 40 
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FAST 
LOGIC 

A n d n o w , a N I M - c o m p a t i b l e a n d p r a c t i c a l E u r o p e a n S t a n d a r d f o r 

1 0 0 M H z + l o g i c s y s t e m s h a s b e e n f o u n d e d w i t h t h e i n t r o d u c t i o n of 

B o r e r F a s t L o g i c M o d u l e s . S o h i g h l y f l e x i b l e , t h e s e C E R N d e s i g n 

b a s e d u n i t s f o r m t h e m o s t c o m p r e h e n s i v e d e c i s i o n - m a k i n g f a m i l y o f 

m o d u l e s e v e r t o h a v e b e e n o f f e r e d a t s u c h a r e a l i s t i c p r i c e . B o n u s 

a d v a n t a g e s of s h o r t e r n e a t e r i n t e r - m o d u l e c a b l i n g c a n b e g a i n e d f r o m 

L e m o - e q u i p p e d m o d e l s : B N C - e q u i p p e d m o d e l s a r e a v a i l a b l e t o o fo r 

e x i s t i n g s y s t e m c o m p a t i b i l i t y . 

S o m e d e t a i l s of o n e of t h e s e m o d u l e s a r e g i v e n b e l o w a n d m o r e d a t a 

o n th is , a n d t h e res t of t h e f a m i l y , w i l l b e s e n t a t t h e d r o p of a p o s t c a r d . 

BT m ifc!! 1^ SdWfflt HfflE l̂ 

Specifications 

Input Impedance 50 ohms ± 2 % 

Reflections 5 % max. below + 1 V 
10 % max. below ± 10 V (tr = 1 ns) 

Current, max. cont. 75 mA 
Rate Greater than 50 MHz 

Output Impedance 

Rise time 
Linearity 

Transmission attenuation 
Pedestal 

Signal feed-through 

Current source, must be terminated, dc 
return path 125 ohms max. 
2.5 ns max. 
Better than 0.25% (over range of 
± 16 mA) 
5 % approx. Output limited to ± 22 mA 
Adjustable to zero 
Stabilized to better than + 0.5 mV over 
50 ohms 
50 mV max., capacitively 
differentiated, for an input signal of 10 V 
and 1 ns rise time. Nett charge is zero 

Gate Input impedance 
Input level 
Signal duration 
Opening time 
Closing time 
Transients 

50 ohms ± 2°/o 
—400 mV to —4 V to open gate 
10 ns min. Maximum duration unlimited 
3 ns max.! 

to 9 0 % of max signal amplitude 
4 ns max.J 
30 mV max. from base line to worst peak, 
nett charge adjustable to zero 

Great Britain: 35 High Street, Shoreham-by-Sea 
Sussex BN4 5DD 
Tel: Shoreham-by-Sea 5262 Telex: 87274 
Germany: Verkaufsbùro Munchen, Kaiserstrasse 10 
8000 Mùnchen 23 
Tel: 34 8016 
France: Numelec, 2 Petite Place, 78-Versailles 
Tel: 951-29-30 
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W e are p a r t i c u l a r l y p r o u d o f o u r v i g o r o u s R & D p r o g r a m m e at N E a n d , in 
case y o u w e r e n o t a b l e t o v i s i t o u r P h y s i c s S o c i e t y E x h i b i t i o n s t a n d in 
L o n d o n in M a r c h w e w o u l d l i ke t o t e l l y o u a b o u t t h e n e w e q u i p m e n t w e 
h a d o n d i s p l a y . For f u r t h e r d e t a i l s o f p a r t i c u l a r p r o d u c t s , j u s t r e t u r n a 
c o m p l e t e d c o u p o n o r ca l l us a t 0 3 1 - 4 4 3 4 0 6 0 . 

N E W S C I N T I L L A T O R S : 
I n c l u d i n g u l t ra f a s t p l a s t i c N E 1 1 1 ( p u l s e w i d t h 1 . 5 4 n s ) , Z n O ( G a ) a l p h a 
p a r t i c l e d e t e c t o r N E 8 4 3 ( d e c a y t i m e 0 . 4 n s ) , t h e r m a l n e u t r o n d e t e c t o r N E 
4 2 3 i n c o r p o r a t i n g Z n O ( G a ) a n d 6 L i , a n d n e u t r o n r a d i o g r a p h y d e t e c t o r 
N E 4 2 5 . 
I N S T A L L E D B E T A / G A M M A M O N I T O R I C M 1 : 
For r a p i d d e t e c t i o n o f be ta a n d g a m m a a c t i v i t y o n c l o t h i n g or b o d y s u r f a c e s 
o f p e r s o n n e l . ( D e v e l o p e d in c o n j u n c t i o n w i t h A .E .R .E . , H a r w e l l ) . 
P O R T A B L E B E T A M O N I T O R T y p e P B M 2 ( N I S 3 7 7 ) : 
A s u r f a c e be ta d o s e ra te m e t e r f o r m o n i t o r i n g w o r k b e n c h e s , c l o t h e s e tc . , 
l i g h t - w e i g h t , s e l f - c o n t a i n e d , u n i f o r m in be ta r e s p o n s e , r e l a t i ve l y l o w 
s e n s i t i v i t y t o g a m m a r a d i a t i o n . ( D e v e l o p e d in c o n j u n c t i o n w i t h A . W . R . E . , 
A l d e r m a s t o n ) . 
1 4 4 - C H A N N E L A N A L Y S E R T y p e 6 9 0 0 : 
I n t e g r a t e d c i r c u i t s f e a t u r i n g 1 0 M H z a d d r e s s a n d 8 m i c r o s e c o n d m e m o r y 
c y c l e w i t h c o u n t c a p a c i t y 2 2 0 . 
C O I N C I D E N C E S P E C T R O M E T E R : 
M e a s u r e s G e ( L i ) d e t e c t o r r ise t i m e u s i n g N a l d e t e c t o r - p h o t o m u l t i p l i e r 
a s s e m b l y a n d u n i t s f r o m t h e ve r sa t i l e I n t e r n a t i o n a l N I M Ser ies . 
N O N - D I S P E R S I V E X - R A Y S P E C T R O M E T E R : 
G e ( L i ) c r y o s t a t s y s t e m w i t h I n t e r n a t i o n a l Se r ies N I M M o d u l e s p e r m i t t i n g 
s i m u l t a n e o u s m u l t i - e l e m e n t a n a l y s e s a t ra te o f 6 0 per m i n u t e . R e s o l u t i o n s 
o f 2 7 5 e V p o s s i b l e . 
4 0 9 6 - C H A N N E L A N A L Y S E R : 
Ful l use o f i n t e g r a t e d c i r c u i t s , h i g h l y f l e x i b l e d e s i g n e n a b l i n g w i d e r a n g e o f 
i n p u t / o u t p u t d e v i c e s a n d a u t o m a t i c o p e r a t i o n b y p a t c h p r o g r a m m i n g . 
C A M A C S Y S T E M : 
M o d u l a r da ta t r a n s f e r s y s t e m f o r r a p i d b i - d i r e c t i o n a l c o m m u n i c a t i o n 
b e t w e e n e x p e r i m e n t a n d c o m p u t e r f o r ' o n - l i n e ' c o n t r o l o f e x p e r i m e n t s a n d 
p r o c e s s e s . ( 7 0 0 0 Ser ies R a n g e d e v e l o p e d in c o n j u n c t i o n w i t h A .E .R .E . , 
H a r w e l l ) . 
P O R T A B L E M O I S T U R E & D E N S I T Y M E A S U R I N G S Y S T E M : 
For r a p i d n o n - d e s t r u c t i v e m e a s u r e m e n t s in l a b o r a t o r y a n d f i e l d u s i n g 
l i g h t - w e i g h t p o r t a b l e Sca le r N E 5 0 1 3 a n d h i g h e f f i c i e n c y d e t e c t o r s o f 3 H e 
a n d Li g lass . 

NUCLEAR 

S i g h t h i l l , E d i n b u r g h E H 1 1 4 E Y , S c o t l a n d 
Telephone: 031-443-4060 Cables: Nuclear Edinburgh Telex : 72333 

j y U b A l s o at B a t h R o a d , B e e n h a m , R e a d i n g , R G 7 5PR E n g l a n d 
*ÇO<* T e l e p h o n e : 0 7 - 3 5 2 1 - 2 1 2 1 Cab les : D e v i s o t o p e , W o o l h a m p t o n T e l e x : 8 4 4 7 5 

G e r m a n y : N u c l e a r En terpr ises G m b H , Per fa l ls t r . 4 , 8 M u n i c h 8 0 . Te l : 4 4 - 3 7 - 3 5 
U.S.A. (West): N u c l e a r Enterpr ises Inc. , 9 3 5 T e r m i n a l W a y , San Car los , Cal i f . 9 4 0 7 0 . Te l : 4 1 5 - 5 9 3 - 1 4 5 5 
U.S.A. (East): C a p i n t e c Inc. , 63 East S a n d f o r d B l v d . , M t . V e r n o n , N.Y. 1 0 5 5 0 . Te l : ( 212 ) 7 5 2 - 2 4 4 0 - 1 

1 0 . A U T O M A T I C B E T A / G A M M A 
S P E C T R O M E T E R N E 8 3 1 2 : 
H i g h l y v e r s a t i l e , c o m p a c t 4 0 0 - s a m p l e , c o u n t s 
b e t a - e m i t t i n g l i q u i d s c i n t i l l a t i o n a n d g a m m a 
e m i t t i n g s a m p l e s i n s a m e s t a n d a r d 2 0 m l v i a l . 

T o N U C L E A R E N T E R P R I S E S L I M I T E D 
S i g h t h i l l , E d i n b u r g h E H 1 1 4 E Y , S c o t l a n d . 

Please send me further details of the new 
equipment ticked. 

• • • • • • • • • • 
1 2 3 4 5 6 7 8 9 10 

N A M E 

A D D R E S S . 

• J 
S w i s s A g e n t s : HIGH ENERGY AND NUCLEAR EQUIPMENT S.A. 
— 2, c h e m i n d e T a v e r n a y - G R A N D - S A C O N N E X - 1218 GENEVA - T é l . (022) 3 4 17 0 7 / 3 4 17 0 5 

2 5 2 



How much can you put in a module? Four discriminators... four 
coincidence circuits...a fast four bit buffer store... versatile output 
and control circuitry... almost a bin full of 200 MHz instrumentation 
is in the new CI42/N QUAD DCB...to save you space and money. 

CLIPJ3-

DISCRIM­
INATOR 

FAST 
COINCIDENCE 

FAST 
BUFFER 
STORE 

—*• GATED 
OUTPUT 
DRIVER 

—O + 
OUTPUTS 

—o -

OFF 
_ O Ô 

strobeX input 

EST? 

BUFFER 
STORE 
OUTPUTS D C A n 

, 1 1 n o R E A D 

INPUT AMP U GATED INPUT 
I 1 NOTo 
- i GATED INHIBIT/ 
IP H O RESET 

—1 INPUT 

H o w d i d w e d o it? W e a r r a n g e d n e a r l y 6 0 0 

c o m p o n e n t s in f o u r c o m p l e t e d a t a c h a n ­

ne ls , s h o w n a b o v e . 

" B r i d g i n g " i n p u t s t o t h e d i s c r i m i n a t o r s a re 
p r o t e c t e d t o ± 2 0 0 V o v e r l o a d s , a n d a l l o w 
d e t e c t o r s igna ls t o b e reused o r c o n v e n ­
i e n t l y m o n i t o r e d . Each d i s c r i m i n a t o r has a 
m u l t i t u r n t h r e s h o l d c o n t r o l , — 1 0 0 m V t o 
at least — 5 0 0 m V , a n d e a c h d i s c r i m i n a t o r 
w i l l o p e r a t e in excess o f 2 0 0 M H z . T h e 
" b i a s e d a m p l i f i e r " d i s c r i m i n a t o r s have n o 
d e a d - t i m e , a n d o u t p u t s igna l w i d t h is e q u a l 
t o i n p u t w i d t h a b o v e t h r e s h o l d . T h e CLIP 
c o n n e c t o r a l l o w s d i s c r i m i n a t o r o u t p u t 
s igna ls t o b e c l i p p e d w i t h a s h o r t e d s t u b , 
w i t h o u t m u l t i p l e p u l s i n g , t o as s h o r t as 
2.0 nsec. 

T h e STROBE i n p u t accep ts N I M - s t a n d a r d 

fast l o g i c s igna ls , a n d e a c h o f t h e f o u r 

d i r e c t - c o u p l e d c o i n c i d e n c e c i r c u i t s is 

c a p a b l e o f 2 0 0 M H z o p e r a t i o n . 

Each c o i n c i d e n c e c i r c u i t d r i v e s a fast b u f f e r 

s t o re ( t u n n e l d i o d e f l i p - f l o p ) w h i c h is reset 

a n d i n h i b i t e d f r o m t h e r e a r - p a n e l i n t e r f a c e 

c o n n e c t o r . A r e a r - p a n e l l o c k i n g t o g g l e 

s w i t c h a l l o w s t h e b u f f e r s t o r e c o n t e n t t o b e 

r ead o u t u p o n c o m p u t e r c o m m a n d , o r 

a l l o w s t h e b u f f e r s t o r e c o n t e n t t o read o u t 

d i r e c t l y a t a l l t i m e s . T h e b u f f e r s t o r e m a y b e 

m o n i t o r e d f r o m t h e f r o n t - p a n e l tes t p o i n t . 

I n d e p e n d e n t p o s i t i v e a n d n e g a t i v e p o l a r i t y 

o u t p u t s a re p r o v i d e d a t t h e i n t e r f a c e c o n ­

n e c t o r a n d t h e r ead a n d i n h i b i t / r e s e t l i nes 

a c c e p t e i t h e r p o s i t i v e o r n e g a t i v e s igna ls , 

t o m a k e t h e C 1 4 2 / N easy t o i n t e r f a c e t o 

a n y c o m p u t e r o r s l o w l o g i c s y s t e m . 

T h e r e ' s a l o t m o r e t o b e sa id a b o u t t h e 

C 1 4 2 / N . . . ask us . 

F o r c o m p l e t e s p e c i f i c a t i o n s , c o n t a c t E G & G , I n c . , N u c l e a r I n s t r u m e n t a t i o n D i v i s i o n 

3 6 C o n g r e s s S t r e e t , S a l e m , M a s s a c h u s e t t s 0 1 9 7 0 . P h o n e : ( 6 1 7 ) 7 4 5 - 3 2 0 0 . 

C a b l e s : E G G I N C - S A L E M . T W X : 7 1 0 - 3 4 7 - 6 7 4 1 . T E L E X : 9 4 9 4 6 9 . 
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ETUDES ET CONSTRUCTION D'USINES 
Traitement de minerais d'uranium 
Produits uranifères 

PROCEDES 
TnitemBnl des produits uranifères : 
Minerais, Fluorures, Oxydes, etc. 
Procédés spéciaux physiques et chimiques 
Retraitement dos combustibles nucléaires 
Traitement des effluents et décontamination 

REACTEURS NUCLEAIRES 
Eluûes et participation aux constructions 

APPAREILS DE MESURE 
ET DE LABORATOIRE 
Instrumentation diverse pour emplois nucléaires 
Boîtes à gants 
Hurs de traitement thermique 

MATERIAUX ET PRODUITS 
POUR L'INDUSTRIE NUCLEAIRE 
• Métaux non ferreux et iW'i^es : 
Zimnlum et alliages pour emplois nuc\mm 
Mmm, nWmm, mnza:\\imr i\\im\i\\umt 

• AtAm et Maps ferreux : 
Hwr$ Inoxyûfàtes et réfractaires 
Aaim réshimi mèmnlqmmni à chaud 
Acïm a spécifications nucléaires particulières. 
• PXQÛUWS à technique spéciale de mise en forme 
Profils et tuoes «Jés ^ 
Métaux mm^nts ou poreux ^ 
AimMs aermwnts. > 
• ProûuWs tàMqms et divers ^ 
Fluoré et produits fluorés minéraux et organiques <» 
Graphite nucléaire. ^ 
• Composés uranifères | 
Concentrés 
Produits de pureté nucléaire 
Oxydes et sels d'uranium. 



PENSEZ-VOUS VRAIMENT QUE N O U S NE 
CONSTRUIS IONS QUE DES ACCELERATEURS 
Ce peut bien être en effet votre opinion, tant 
il est vrai que nous sommes très connus pour 
nos accélérateurs Van de Graaff. Mais ceci 
ne signifie pas que nous ne puissions rien 
faire d'autre. 
Tout au contraire! Nous développons con­
stamment la gamme de nos produits, ainsi que 
nos installations de production, de contrôle 
et d'engineering. 
En plus de nos produits standard, nous réali­
sons les équipements désirés par les clients, 
c'est-à-dire le type de produits "once only". 
Nous sommes bien outillés pour travailler les 
matériaux les plus difficiles et nous avons 
l'occasion d'éprouver nos techniques sur des 
modèles compliqués. 
De nombreuses années passées dans le do­
maine de la physique nucléaire nous ont 
rendu vos problèmes familiers. 

Voulez-vous connaître notre meilleur atout 
de vente? Nous travaillons en étroite colla­
boration avec nos clients, ce qui vous permet 
d'obtenir un produit de haute performance. 
Si vous aussi, vous avez un problème parti­
culier, demandez-nous de vous rendre visite: 
Amersfoort - Hollande est si près! Etre chez 
vous n'est qu'une question d'heures. 

HIGH VOLTAGE 
ENGINEERING 
(EURDPA) N.V. 

A M E R S F O O R T , H O L L A N D E 

• a c c é l é r a t e u r s • s o u r c e s d e n e u t r o n s • m e s u r e d e c h a m p m a g n é t i q u e p a r R M N • a i m a n t s s u r c o m m a n d e 
• a l i m e n t a t i o n d e p u i s s a n c e e n s e m i - c o n d u c t e u r s • c h a m b r e s à v i d e , p o m p e s , v a n n e s e t p l o m b e r i e 
• a i m a n t s d ' a n a l y s e e t d e r o u t a g e • m o n i t e u r s d e p r o f i l d e f a i s c e a u • i r r a d i a t i o n s à f a ç o n • é t u d e d e s m é t h o d e s 

e t d e s i n s t a l l a t i o n s d ' i r r a d i a t i o n • f o u r s e t c r y o s t a t s M ô s s b a u e r • c h a m b r e s à d i f f u s i o n . 
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HARSHAW CHEMIE GMBH FRANKFURT (M) WIESENAU 2 
HARSHAW CHEMIE NV RO.BOX 19 DE MEERN HOLLAND 

12"xl4" N a l (Tl ) Scintillation detector 

C s l o / spectrum 
non collimated 
beam 
source strength 10/nc 
distance 30 cm 


