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Elementary Particles 
at Amsterdam 

If as a p r i v a t e i n d i v i d u a l y o u h a v e 
b e e n t o l o o k at R e m b r a n d t ' s « N i g h t 
W a t c h » in t h e R i j k s m u s e u m of 
A m s t e r d a m , y o u w i l l r e m e m b e r t h e 
p h a l a n x of g r i m g u a r d s w h o p r e v e n t ­
e d y o u f r o m s t e p p i n g o n t h e c a r p e t 
in f r o n t o f i t . T h e p h y s i c i s t s a t t e n d i n g 
t h e A m s t e r d a m I n t e r n a t i o n a l C o n f e r ­
e n c e o n E l e m e n t a r y P a r t i c l e s w e r e 
c l e a r l y p r i v i l e g e d p e o p l e f o r w h e n 
e v e r y b o d y g a t h e r e d in f r o n t o f t h e 
« N i g h t W a t c h » a t t h e a f t e r d i n n e r 
r e c e p t i o n , o f f e r e d by t h e D u t c h 
M i n i s t e r of E d u c a t i o n a n d S c i e n c e s 
a n d t h e B u r g o m a s t e r a n d A l d e r m e n 
of A m s t e r d a m , t h e f r i e n d l y g u a r d s 
w e r e h a r d l y t o b e s e e n . T h e e v e n i n g s ' 
c o n f r o n t a t i o n o f s c i e n c e a n d a r t m a d e 
a s t i m u l a t i n g c o m b i n a t i o n w i t h t h e 
e x c i t i n g n e w s p r e s e n t e d at t h e 
C o n f e r e n c e s e s s i o n s d u r i n g t h e d a y . 

T h e C o n f e r e n c e w h i c h t o o k p l a c e 
a t t h e R y w i e l e n A u t o m o b i e l I n d u s t r i e 
C o n g r e s c e n t r u m f r o m J u n e 3 0 - J u l y 6, 
w a s s p o n s o r e d b y t h e D u t c h M i n i s t r y 
o f E d u c a t i o n a n d S c i e n c e a n d b y t h e 
U n i v e r s i t y of A m s t e r d a m a n d t o o k 
p l a c e u n d e r t h e a u s p i c e s o f t h e 
E u r o p e a n P h y s i c a l S o c i e t y a n d t h e 
D u t c h P h y s i c a l S o c i e t y . U n d e r t h e 
v e r y a b l e C h a i r m a n s h i p of P r o f e s s o r 
K l u y v e r , it w a s o r g a n i z e d m a i n l y by 
t h e Z e e m a n L a b o r a t o r y t o g e t h e r w i t h 
t h e C E R N c o n f e r e n c e s e c r e t a r i a t ; 
t h e y w e r e c o n g r a t u l a t e d n o t m e r e l y 
o n o r g a n i z i n g t h e c o n f e r e n c e s o w e l l 
b u t a l s o f o r l a y i n g o n s u c h e x c e l l e n t 
w e a t h e r t o a c c o m p a n y it. 

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

A r o u n d 440 p a p e r s w e r e s u b m i t t e d 
f o r p r e s e n t a t i o n a n d d i s c u s s i o n t o t h e 
590 p a r t i c i p a n t s . In v i e w of t h i s l a r g e 
n u m b e r of c o n t r i b u t i o n s , m a n y o f 
w h i c h n e c e s s a r i l y c o v e r e d t h e s a m e 
f i e l d , t h e A d v i s o r y a n d O r g a n i z i n g 
C o m m i t t e e s d e c i d e d t o c h a n g e t h e 
t r a d i t i o n a l p r o c e d u r e . In o r d e r t o i n ­

c r e a s e t h e e f f i c i e n c y o f t h e p a r a l l e l 
s e s s i o n s w i t h o u t s u p p r e s s i n g t h e m 
c o m p l e t e l y , a s y s t e m of M a x i - a n d 
M i n i - R a p p o r t e u r s w a s a d o p t e d . T h e 
r a p p o r t e u r s of m o r e c l a s s i c a l t y p e 
g a v e in t h e p l e n a r y s e s s i o n s a s u r v e y 
of w h a t h a d h a p p e n e d a n d w h e r e w e 
s t a n d , w h e r e a s s e v e r a l ( bu t s t i l l f e w ) 
M i n i - R a p p o r t e u r s s u m m a r i z e d t h e 
h i g h l y s p e c i a l i z e d a s p e c t s o f a g i v e n 
t o p i c in t h e p a r a l l e l s e s s i o n s . 

T h e m a i n i n t e r e s t w a s d i r e c t e d 
t o w a r d s t h e r e s u l t s c o m i n g f r o m t h e 
n e w m a c h i n e s , t h e 76 G e V p r o t o n 
s y n c h r o t r o n at S e r p u k h o v a n d t h e 
C E R N I n t e r s e c t i n g S t o r a g e R i n g s ; 
a n d t h e y d i d no t d i s a p p o i n t . W h i l s t 
s o m e of t h e d i s t u r b a n c e s w h i c h w e r e 
le f t by t h e K i e v C o n f e r e n c e h a v e 
s e t t l e d d o w n , it is c l e a r t h a t w h a t 
g o e s o n at v e r y h i g h e n e r g i e s c a n n o t 
b e d e r i v e d f r o m a s i m p l e e x t r a p o l ­
a t i o n o f o b s e r v a t i o n s a t l o w e r 
e n e r g i e s . M o r e a c c u r a t e e x p e r i m e n t s 
a n d s u p p l e m e n t a r y i n f o r m a t i o n f r o m 
t h e S e r p u k h o v a c c e l e r a t o r h a v e 
e s s e n t i a l l y d e s t r o y e d t h e f o u n d a t i o n 
o f o n e y e a r ' s s p e c u l a t i o n o n a 
p o s s i b l e v i o l a t i o n o f t h e P o m e r a n c h u k 
t h e o r e m . O n t h e o t h e r h a n d t h e u n e x ­
p e c t e d e l a s t i c s c a t t e r i n g d a t a f r o m 
t h e ISR i n d i c a t e s t h a t p r e v i o u s p r e ­
d i c t i o n s a r e no t b e i n g f u l f i l l e d . 

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

T h i s r e p o r t o n t h e C o n f e r e n c e is 
n e c e s s a r i l y v e r y s e l e c t i v e a n d o n l y t h e 
m o s t s t r i k i n g t o p i c s h a v e b e e n c h o s e n 
f o r d i s c u s s i o n w h i c h w i l l no t d o 
j u s t i c e t o t h e p a i n s t a k i n g d e t a i l w o r k 
w h i c h c o u l d b e f o u n d in m a n y of t h e 
c o n t r i b u t i o n s . 

The sixth in this series of meetings 
which alternate with the International 
Conferences on High Energy Physics, the 
last of which was held in Kiev in 1970 
(CERN COURIER vol. 10, p. 271). The odd 
year conference is primarily intended for 
research workers in Europe, but some 
non-Europeans were invited to ensure that 
recent progress made outside Europe 
would be reported. 

Total cross section measurements 

from Serpukhov 

T h e t o t a l r e a c t i o n a n d e l a s t i c s c a t t e r ­
i n g c r o s s s e c t i o n o f e l e m e n t a r y p a r ­
t i c l e s is t h e m o s t s t r a i g h t f o r w a r d 
c r o s s s e c t i o n m e a s u r e m e n t w h i c h c a n 
b e i m a g i n e d , s o it is no w o n d e r t h a t 
e a c h t i m e a n e w r a n g e o f e n e r g i e s 
is a v a i l a b l e , it is a m o n g t h e f i r s t 
m e a s u r e m e n t s t o b e d o n e , l a te r t o 
b e r e p e a t e d t o o b t a i n t h e h i g h e s t 
p o s s i b l e p r e c i s i o n . 

T h e t o t a l c r o s s s e c t i o n is a m e a s u r e 
o f t h e r a n g e o f t h e f o r c e s r e s p o n s i b l e 
f o r t h e i n t e r a c t i o n o f t w o p a r t i c l e s , 
a n d in a c r u d e m o d e l o n e e x p e c t s 
a c r o s s s e c t i o n o f t h e o r d e r o f 
m a g n i t u d e o f t h e g e o m e t r i c a l s i z e o f 
t h e i n t e r a c t i n g p a r t i c l e s . D u e t o t h e 
h i g h p r e c i s i o n o f t h e m e a s u r e m e n t s 
it s h o u l d a l s o y i e l d s o m e i n f o r m a t i o n 
o n t h e a s y m p t o t i c b e h a v i o u r a t v e r y 
h i g h e n e r g i e s . T h e e n e r g y d e p e n d ­
e n c e , t h e r e f o r e , is o f g r e a t i n t e r e s t . 
T h e m e a s u r e m e n t s a r e a l s o s t i m u ­
l a t e d b y t h e h o p e t h a t at h i g h e r 
e n e r g i e s a n e w t y p e of r e a c t i o n l i k e 
t h e p r o d u c t i o n o f h e a v y n e w p a r t i c l e s , 
e .g . q u a r k s , m i g h t s h o w u p as a 
s t r u c t u r e in t h e e n e r g y d e p e n d e n c e . 

T h e t o t a l c r o s s s e c t i o n is d i r e c t l y 
c o n n e c t e d t h r o u g h t h e ' o p t i c a l 
t h e o r e m ' ( w h i c h t r e a t s t h e s c a t t e r i n g 
in a w a y s i m i l a r t o t h e d i f f r a c t i o n o f 
l i g h t r o u n d a n o b s t r u c t i o n ) w i t h t h e 
e l a s t i c s c a t t e r i n g c r o s s s e c t i o n in t h e 
f o r w a r d d i r e c t i o n . T h u s t h e k n o w ­
l e d g e of t h e e l a s t i c s c a t t e r i n g a l l o w s 
a n u n d e r s t a n d i n g o f t h e t o t a l c r o s s 
s e c t i o n , a l t h o u g h t h e t o t a l c r o s s 
s e c t i o n i t se l f is a c o m p l i c a t e d c o m ­
p o s i t i o n o f t h e m a n y r e a c t i o n c h a n ­
n e l s p o s s i b l e a t h i g h e n e r g i e s . B y 
m a k i n g t h i s c o n n e c t i o n it is p o s s i b l e 
t o c o m p a r e t h e d a t a w i t h t h e a v a i l a b l e 
m o d e l s f o r t h e r e l a t i v e l y s i m p l e 
e l a s t i c s c a t t e r i n g p r o c e s s . 

T h e f a c t t h a t t h e t o t a l c r o s s 
s e c t i o n s o f m o s t p a r t i c l e s s e e m t o 
s t a y c o n s t a n t a t h i g h e n e r g i e s h a s t h e 
i m p o r t a n t c o n s e q u e n c e t h a t t h e 
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The difference between the total cross section 
of a particle and that of its antiparticle each 
hitting a hydrogen target is plotted against the 
energy. The open circles are the new data 
from Serpukhov. The total cross section 
differences are continuously approaching zero 
in agreement with the Pomeranchuk theorem. 

e las t i c s c a t t e r i n g has to p r o c e e d as 

if by t h e e x c h a n g e of a ' p o m e r o n '. 

If o n e i n te rp re t s th i s p r o c e s s as t h e 

e x c h a n g e of a pa r t i c l e , t h e p a r t i c l e 

s h o u l d have a l l t h e c h a r a c t e r i s t i c s of 

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

not be o b s e r v a b l e . F u r t h e r m o r e t h e r e 

is a de f i n i t e p r e d i c t i o n in t h e P o m e r ­

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

t h e to ta l c r o s s s e c t i o n of p a r t i c l e s 

a n d a n t i p a r t i c l e s on a g i v e n t a r g e t is 

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

A g r o u p f r o m the Ins t i tu te of H i g h 

Ene rgy Phys i cs at S e r p u k h o v has n o w 

for t h e f i rs t t i m e m e a s u r e d t h e to ta l 

c r o s s s e c t i o n of pos i t i ve l y c h a r g e d 

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

e n e r g i e s up t o 60 GeV. F u r t h e r m o r e 

t h e ea r l i e r m e a s u r e m e n t s of nega t i ve ­

ly c h a r g e d p a r t i c l e s w e r e ve ry m u c h 

i m p r o v e d . T h e ma in i m p r o v e m e n t 

c o m e s f r o m t h e use of l i qu id h y d r o g e n 

a n d d e u t e r i u m t a r g e t s of 1.5 - 3 m 

leng th ins tead of g a s e o u s t a rge t s . A 

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

' g o o d g e o m e t r y ' w a s p e r f o r m e d , 

bu t a s p e c i a l t e c h n i q u e w a s used in 

o r d e r t o e x t r a p o l a t e t o ze ro t h e so l i d 

a n g l e of t he b e a m pa r t i c l es tha t d i d 

not i n te rac t in t h e ta rge t . T h e t r a n s ­

m i s s i o n c o u n t e r s w e r e m o v e d in o r d e r 

to c o v e r a c o n s t a n t m o m e n t u m 

t rans fe r in te rva l at d i f f e ren t b e a m 

m o m e n t a . T h i s m i n i m i z e s sys tema t i c 

sca l e e r r o r s in t he w i d e m o m e n t u m 

in te rva l of 1 5 - 6 5 G e V / c c o v e r e d by 

t h e e x p e r i m e n t s . 
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Kirillova et al. 
Foley et al. 
Bellettini etal. 
Beznogikh et al. 

Holder et al. (Phys.Lett. 35 B (1971) 355) 

Present work 

The slope of the differential elastic scattering 
cross section is plotted versus the energy in 
the centre of mass system. The points below 
S = 150 are mostly from Serpukhov 
measurements the new ISR points lie above 
S = 700. The shrinking of the elastic cross 
section, i.e. the increase in slope, is obvious 
although the shrinking at the highest energies 
is less than expected from the 
Serpukhov data. 

T h e resu l t s s h o w the f o l l o w i n g 

s t r i k i n g f e a t u r e s : 

1) T h e to ta l c r o s s s e c t i o n s fo r p ± , 

j t ± a n d K ± a re e q u a l fo r p r o t o n a n d 

n e u t r o n t a rge t s . 

2) T h e p p t o ta l c r o s s s e c t i o n is 

c o n s t a n t a b o v e 20 G e V / c w i t h i n 

0.1 % , w h e r e a s t h e p p c r o s s s e c t i o n 

is c o n t i n u o u s l y f a l l i n g u p to t he h i g h ­

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

3) ?t +p, Jt~p a n d K~p a re a l m o s t c o n ­

s tant . 

4) T h e K + p c r o s s s e c t i o n is r i s ing 

w i t h i n c r e a s i n g ene rgy . 

Espec ia l l y t h e r i s i ng K + p to ta l c ross 

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

s i n c e it d o e s not f i t i n to mos t of t h e 

p resen t m o d e l s f o r e las t i c s c a t t e r i n g . 

F u r t h e r m o r e , s i n c e it is fa i r l y c o n s t a n t 

b e l o w 20 GeV, it h a d g i ven r ise t o 

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

a f a i l u re of t h e P o m e r a n c h u k t h e o r e m , 

w h i c h w e r e m a i n l y b a s e d on t h e 

a s s u m p t i o n tha t t h e K + p c ross s e c t i o n 

w o u l d s tay c o n s t a n t a l so at h i ghe r 

e n e r g i e s — at a t i m e w h e r e on l y 

m e a s u r e m e n t s on K"p w e r e k n o w n . 

On t h e w h o l e n o w , t h e P o m e r a n c h u k 

t h e o r e m s e e m s to be in p re t t y g o o d 

shape a g a i n a l t h o u g h a p p r o a c h i n g 

' a s y m p t o t i a ' has t u r n e d out t o be 

t e d i o u s : t he Jt+p a n d Jt"p c r o s s 

s e c t i o n s s e e m l i ke l y t o be equa l on l y 

a r o u n d 1000 GeV . 

KL-KS Regeneration 

A n o t h e r , m o r e d i r e c t a n d very e l egan t 

w a y of m e a s u r i n g a d i f f e r e n c e in t he 

to ta l c r o s s s e c t i o n f o r pa r t i c l es a n d 

a n t i p a r t i c l e s is t o i nves t i ga te t he 

r e g e n e r a t i o n of sho r t - l i ved k a o n s 

(K°s) in a b e a m of l ong - l i ved neu t ra l 

k a o n s ( K ° L ) h i t t i ng a ta rge t . T h i s 

p a r t i c u l a r e f fec t is d u e to t h e fac t 

t ha t b o t h K ° L a n d K ° s a re c o m p o s i t e 

pa r t i c l es , a n d if t h e c o m m o n cons t i t ­

uen ts K ° a n d K ° have a d i f f e ren t 

r e a c t i o n p r o b a b i l i t y , e .g. if t he a n t i -

p a r t i c l e K ° is a b s o r b e d s t r o n g e r t h a n 

t h e K ° , t h e o r i g i n a l c o m p o s i t i o n of a 
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The stars around the ISR beam pipes are 
scintillation trigger counters used for a total 
cross section measurement loy the 
CERN-Rome collaboration. 

Inclusive production cross sections from proton -
proton collisions at the ISR. The invariant 
cross section as a function of the longitudinal 
and the transversal momentum of the secondary 
particle is shown together with some 'low' 
energy points. This way of presentation 
anticipates a certain law of scaling ; 
points measured at different energies nearly 
coincide. 

KL m a y b e c h a n g e d by a s c a t t e r i n g 
p r o c e s s in to t h e o n e c o r r e s p o n d i n g 
t o a Ks. T h e Ks t h e n c a n e a s i l y be 
d e t e c t e d by i ts h i g h d e c a y ra te i n to 
t w o c h a r g e d p i o n s . 

S u c h a n e x p e r i m e n t o n K ° s r e g e n e r ­
a t i o n in h y d r o g e n w a s p e r f o r m e d by 
a D u b n a - S e r p u k h o v - B u d a p e s t c o l l a ­
b o r a t i o n at S e r p u k h o v . T h e r e s u l t s a r e 
c o n s i s t e n t w i t h t h e P o m e r a n c h u k 
t h e o r e m a n d f i t w e l l i n t o t h e K ± p 
t o t a l c r o s s s e c t i o n d a t a . F u r t h e r m o r e 
t h e p h a s e of t h e f o r w a r d s c a t t e r i n g 
a m p l i t u d e f ( K ° p ) - f ( K ° p ) t u r n s o u t 
t o be r o u g h l y c o n s t a n t a t - 1 1 8 ° 
± 3 0 ° in t h e m o m e n t u m i n t e r v a l 1 4 -
38 G e V / c , c l o s e t o t h e e x p e c t e d v a l u e 
- 1 3 5 ° in d o m i n a n t co e x c h a n g e 
R e g g e m o d e l s . T h i s n e w resu l t 
r e s o l v e s t h e d i f f i c u l t i e s e n c o u n t e r e d 
in t h e t h e o r y w h e n p r e l i m i n a r y d a t a 
of t h i s e x p e r i m e n t w e r e r e p o r t e d at 
t h e K i e v C o n f e r e n c e . 

Early ISR results on proton-proton 
scattering 

D u r i n g t h e s h o r t t i m e t h a t has p a s s e d 
s i n c e 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 e n t i n to o p e r a t i o n , s e v e r a l t es t s t a g e 
e x p e r i m e n t s h a v e o b s e r v e d p r o t o n -
p r o t o n c o l l i s i o n s at e n e r g i e s s o m e 
t w e n t y t i m e s h i g h e r t h a n b e f o r e at 
o r d i n a r y a c c e l e r a t o r s . S o m e e x ­
p e r i m e n t s have a l r e a d y p r o d u c e d 
v a l u a b l e r esu l t s w h i c h w e r e e x t e n s i v e ­
ly d i s c u s s e d . T h e e n o r m o u s e n t h u ­
s i a s m of s c i e n t i s t s t o b e t h e f i r s t in 
g e t t i n g r esu l t s is s h o w n u p by a 
r e m a r k a b l e p e r f o r m a n c e in d a t a h a n ­
d l i n g : t h e d a t a t a k e n b y o n e of t h e 
e x p e r i m e n t a l t e a m s o n T u e s d a y n i g h t 
w e r e a n a l y z e d a n d i l l u s t r a t e d in a 
b e a u t i f u l s l i d e o n F r i d a y m o r n i n g at 
t h e C o n f e r e n c e ! 

E l as t i c p r o t o n - p r o t o n s c a t t e r i n g at 
s m a l l a n g l e s w a s i n v e s t i g a t e d by t w o 
g r o u p s i n d e p e n d e n t l y . T h e C E R N -
R o m e c o l l a b o r a t i o n a i m i n g at t h e 
s m a l l e s t a n g l e s p o s s i b l e p l a c e d f o u r 
s e t s of 10 s m a l l s c i n t i l l a t i o n c o u n t e r s , 

1 0 X 5 m m 2 e a c h , 5 m d o w n s t r e a m 
of t h e i n t e r a c t i o n r e g i o n at a f e w 
c e n t i m e t r e s d i s t a n c e f r o m e a c h b e a m . 
C o i n c i d e n c e s b e t w e e n b o t h h o d o -
s c o p e se t s w e r e r e c o r d e d a n d 
e l a s t i c a l l y s c a t t e r e d p r o t o n s s h o w e d 
u p in t h e p r o p e r c o m b i n a t i o n s of t h e 
10 X 10 c o u n t e r m a t r i c e s . T h e d e ­
p e n d e n c e of t h e c o u n t i n g ra te o n 
a n g l e w a s m e a s u r e d in t h e i n t e r va l 
V 2 - I 0 a n d t h e s l o p e of t h e e l a s t i c 
s c a t t e r i n g c r o s s s e c t i o n d e t e r m i n e d . 
T h e s l o p e s g i v e n at t w o d i f f e r e n t 
p r o t o n b e a m e n e r g i e s a r e : 
12.6 ± 0.4 ( G e V / c P at 22.7 + 22.7 G e V , 
a n d 

12.8 ± 0.4 ( G e V / c ) - 2 at 26.8 + 26.8 G e V . 
T h e A a c h e n - C E R N - H a r v a r d - G e n o v a -

T o r i n o c o l l a b o r a t i o n has d e t e c t e d 
e l a s t i c a l l y s c a t t e r e d p r o t o n s w i t h t h e 
h e l p of f o u r se ts of s p a r k c h a m b e r s , 
t w o f o r e a c h of t h e t w o p r o t o n s . T h e 
d i r e c t i o n a n d t h e i n t e r a c t i o n p o i n t o f 
b o t h p a r t i c l e s c o u l d b e c o m p l e t e l y 
r e c o n s t r u c t e d . T h e e l a s t i c n a t u r e of 

t h e e v e n t s is d e m o n s t r a t e d by a 
c o l l i n e a r i t y r e q u i r e m e n t . T h e m i n i ­
m u m s c a t t e r i n g a n g l e o b s e r v a b l e w a s 
a b o u t t h e s a m e as t h e l a r g e s t a n g l e 
in t h e o t h e r e x p e r i m e n t , t h e a n g u l a r 
r a n g e b e i n g 1 - 2 ° . T h e m e a s u r e d 
s l o p e s at t h r e e d i f f e r e n t b e a m 
e n e r g i e s a r e 

12.0 ± 0.2 G e V / c " 2 a t 15.4 + 15.4 G e V 
11.1 ± 0.15 G e V / c " 2 a t 22.5 + 22.5 G e V 
11.0 ± 0 . 1 5 G e V / c 2 at 26.6 + 26.6 G e V 

T h e r e s u l t s q u o t e d fo r t h e t w o e x ­
p e r i m e n t s a r e d i f f e r e n t , bu t g i v e n t h e 
d i f f e r e n t a n g u l a r i n t e r va l s t h e y a r e 
no t n e c e s s a r i l y in d i s a g r e e m e n t . In 
a n y c a s e it m e a n s t ha t t h e o b s e r v e d 
s h r i n k i n g of t h e s l o p e is less t h a n 
w h a t o n e m i g h t e x p e c t f r o m a s i m p l e 
l i n e a r e x t r a p o l a t i o n of t h e S e r p u k h o v 
d a t a at l o w e r e n e r g y . In o t h e r w o r d s , 
it i n d i c a t e s t h a t t h e d e c r e a s e in t h e 
e f f e c t i v e s i z e of t h e p r o t o n s is l e v e l l ­
i ng o u t as o n e g o e s t o h i g h e r 
e n e r g i e s . 

1 8 5 



40-

35-

30-

15-

ft 

30-

25 

16-

~ n i i r 
40O S20 S60 

— r 
680 S20 

Inclusive Experiments 

It h a s b e c o m e f a s h i o n a b l e — p u r p o s ­

e l y — n o t t o o b s e r v e t o o m a n y o f 

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

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

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

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

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

e n t a p p r o a c h is a t t e m p t e d . M o s t o f 

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

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

p r o t o n - p r o t o n c o l l i s i o n s — a r e a l l o w ­

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

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

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

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

a n i d e a of R. P. F e y n m a n , C. N. Y a n g 

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

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

A t e a m of p h y s i c i s t s f r o m A r g o n n e , 

B o l o g n a a n d M i c h i g a n h a s p e r f o r m e d 

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

t h e s e I n c l u s i v e ' r e a c t i o n s o f t h e 

t y p e p + p + - > JT+ + a n y t h i n g a n d 

p + p - > p + a n y t h i n g . A m a g n e t 

s p e c t r o m e t e r o f 4 5 m l e n g t h s e r v e d 

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

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

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

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

C h e r e n k o v c o u n t e r s . T h e m e a s u r e d 

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

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

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

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

e n e r g i e s . A n d i n d e e d , t h e s e c r o s s 

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

l a w s u g g e s t e d b y F e y n m a n . 

CP Violation again 

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

t h e o n l y s y s t e m w h i c h d e f i n i t e l y e x ­

h i b i t s C P v i o l a t i o n . In o r d e r t o u n d e r ­

s t a n d t h e s o u r c e of t h i s C P v i o l a t i o n , 

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

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

i ts d i s c o v e r y in 1 9 6 4 . In t h e d e c a y o f 

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

ly c h a r g e d p i o n t h e a m o u n t o f C P v i o l a ­

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

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

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

k a o n K ° L n+ n~, v i o l a t i n g C P c o n ­

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

i n g K ° s - > r t + J i ~ d e c a y a m p l i t u d e of 

a s h o r t - l i v e d k a o n ( C E R N C O U R I E R 

v o l . 8 , p. 2 4 2 ) . T h i s r a t i o is c l o s e t o 

2 X 1 C T 3 . U n f o r t u n a t e l y t h e w e l l -

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

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

a m o u n t of C P v i o l a t i o n . O n l y a n 

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

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

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

f o r t h e K ° - > x° n° d e c a y m o d e 

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

a n i s m of C P v i o l a t i o n . T o g e t TIOO 

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

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

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

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

f r o m t h e i n t e r m e d i a t e J T ° - > Y Y d e c a y . 

T h e l a r g e d i s a g r e e m e n t of p r e s e n t l y 

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

s u c h a m e a s u r e m e n t is ! 

A n e w p r e c i s i o n m e a s u r e m e n t b y 

t h e A a c h e n - C E R N - T o r i n o c o l l a b o -

The mass distribution of events with four 
photons in the r\ experiment. Left are events 

00 

with three photons converted in the spark 
chamber region ; right, events with all photons 
converted. The full line is the free decay 
data and the dotted line the regenerator 
data scaled down. There is a clear 
peak at the K° mass. 

r a t i o n a t C E R N s h o u l d h a v e c l a r i ­

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

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

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

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

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

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

a r r a y o f 6 1 h i g h r e s o l u t i o n l e a d g l a s s 

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

e d t h e r e c o n s t r u c t i o n o f t h e K ° res t 

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

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

t h e r a r e K ° L - > n° n° d e c a y s f r o m 

b a c k g r o u n d a l l o w e d a c l e a n s u b ­

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

h h I = 1 . 0 0 ± 0 . 0 6 

I 00' +~ | 
T h e e q u a l i t y o f T) a n d \ _ is p r e ­

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

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

f a v o u r e d b y t h e n e w resu l t . A c o n ­

s e q u e n c e of t h i s t h e o r y is , t h a t t h e 

o b s e r v e d C P v i o l a t i o n is s o l e l y d u e 

t o a m i x i n g o f C P = + 1 a n d C P 

= — 1 s t a t e s in t h e n e u t r a l k a o n 

s y s t e m . T h e i n t e r a c t i o n is no t s t r o n g 

e n o u g h t o g e n e r a t e C P v i o l a t i n g 

t r a n s i t i o n s f r o m a p u r e C P s t a t e , a n d , 

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

C P v i o l a t i o n c a n b e e x p e c t e d f r o m 

t h i s s o u r c e . 

N o t q u i t e ! T h e r e is a n e w e x ­

p e r i m e n t a l l i m i t f r o m B e r k e l e y t e l l i n g 

t h a t l ess t h a n 1 . 8 X 1 0 " 9 o f a l l K ° L 

d e c a y i n t o t w o m u o n s . T h i s is c o n ­

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

' u n i t a r y ' l o w e r l i m i t , 6 X 1 0 ~ 9 , d e r i v ­

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

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

a r e c o n v e r t e d i n t o t w o m u o n s . S i n c e 

t h e rea l t w o p h o t o n d e c a y o f t h e 

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

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

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

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

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

b e s o m e e f f e c t o f C P v i o l a t i o n , b u t 

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

t h a t . W i l l t h e n e x t c o n f e r e n c e t e l l t h e 

a n s w e r ? 
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A multiwire proportional chamber, similar to 
those used by the CERN-Heidelberg group, under 
test. 

It w a s in a v e r y d i f f e r e n t a t m o s p h e r e 

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

o f t h e las t s e s s i o n t h a t C o u n c i l m e t 

o n t h i s o c c a s i o n . T h e d o u b t s a n d u n ­

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

las t D e c e m b e r , o n l y t o b e s w e p t a w a y 

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

b r u a r y 19 w h e n t h e d e c i s i o n w a s 

t a k e n t o c o n s t r u c t t h e n e w L a b o r a t o r y . 

F o r t h e f i r s t t i m e t h e n o n J u n e 24 , 

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

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

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

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

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

t h e O r g a n i z a t i o n a n d c o l l a b o r a t i o n 

w i t h i n t h e L a b o r a t o r i e s as w e l l as 

w i t h t h e p h y s i c s c o m m u n i t y o u t s i d e . 

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

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

b y an a c c o u n t o f t h e s u c c e s s f u l c o m ­

m i s s i o n i n g o f t h e I n t e r s e c t i n g S t o r ­

a g e R i n g s b y K je l l J o h n s e n . 

P r o f e s s o r J e n t s c h k e s p o k e f i r s t o f 

t h e m e m o r a b l e e v e n t s t h a t h a d m a r k ­

e d t h e f i r s t s i x m o n t h s o f 1971 — 

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

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

b e g i n n i n g of e x p e r i m e n t s m o n t h s 

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

o p e r a t i o n of t h e h e a v y l i q u i d b u b b l e 

c h a m b e r , G a r g a m e l l e , w h i c h w a s 

i n a u g u r a t e d o n M a y 7. 

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

e d t h e d e l e g a t e s t h a t o f t h e p h o t o ­

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

25 w a s o f a n e u t r i n o e v e n t — a r a t e 

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

b l e b e f o r e . A l r e a d y 140 p h y s i c i s t s f r o m 

16 l a b o r a t o r i e s a r e l o o k i n g f o r w a r d t o 

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

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

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

n e u t r i n o . 

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

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

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

13-20 G e V / c . C o n s i d e r i n g h o w r a r e 

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

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

b e a m o f 120 2 w i t h a r e l a t i v e l y l o w 

b a c k g r o u n d f o r a b u r s t o f 2 . 1 0 1 1 p r o ­

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

v e m e n t ( p a g e 191). 

T h e f i r s t of t h e B o o s t e r b e n d i n g 

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

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

31 w i l l g o o n un t i l t h e b e g i n n i n g o f 

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

t e s t e d in t h e a s s e m b l y ha l l a n d f i t t e d 

w i t h i ts f o u r v a c u u m c h a m b e r s b e f o r e 

l o w e r i n g d o w n i n t o t h e B o o s t e r r i n g . 

T h e C E R N - H e i d e l b e r g g r o u p h a s 

m a d e a b i g j u m p f o r w a r d in t h e r a t e 

a t w h i c h d a t a c a n b e t a k e n u s i n g 

l a r g e m u l t i - w i r e p r o p o r t i o n a l s p a r k 

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

a r e s o m e 5500 w i r e s w h i c h a r e o p e r ­

a t e d w i t h a r e s o l v i n g t i m e of ^ 40 !^s 

a n d c a n r e c o r d a b o u t 1000 e v e n t s p e r 

PS p u l s e . In a f e w h o u r s , m o r e 

K L - > 2 J T e v e n t s w e r e r e c o r d e d t h a n 

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

c o m p l e t e r u n . 

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

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

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

b u t as t h e s e h a v e a l r e a d y b e e n 

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

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

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

P r o f e s s o r J e n t s c h k e s p o k e a l s o o f 

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

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

t i m e w h e n C E R N w a s h a v i n g t o a d ­

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

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

c u t s in t h e p r o g r a m m e . A f i r s t t a s k 

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

C E R N w a s t o m a k e a r e v i e w of t h e 

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

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

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

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

b e e n d o n e in a s e r i e s o f s e m i n a r s in 

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

t h e E u r o p e a n r e s e a r c h c e n t r e s o u t ­

s i d e C E R N . 

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

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

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

CERN 149.6.70 
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Preparations for the ISR experimental programme 
begin in earnest as massive detection equipment 
is moved into position, i 

CERN 55.5.71 

m a d e w i t h t h e o p e r a t i o n o f o t h e r l a b o ­
r a t o r i e s . N o t it s h o u l d b e s a i d t h a t 
o t h e r l a b o r a t o r i e s w e r e n e c e s s a r i l y 
m o r e e f f i c i e n t , b u t w i t h t h e b u d g e t 
c u t s t h a t m a n y h a d h a d t o f a c e , t h e r e 
w a s c l e a r l y u s e f u l i n f o r m a t i o n t o b e 
g a i n e d by s t u d y i n g t h e p r a c t i c e s o f 
o t h e r l a b o r a t o r i e s w o r k i n g u n d e r p r e s ­
s u r e . T h e s e p r e s s u r e s in M e m b e r S t a ­
t e s w o u l d u n d o u b t e d l y p l a c e a n e x t r a -
l o a d o n C E R N a n d it w a s n e c e s s a r y 
t o t a k e f u l l y i n t o a c c o u n t t h e n e w 
u s e r n e e d s . E C F A h a d b e e n a s k e d t o 
t a k e s t e p s t o c o o r d i n a t e t h e w h o l e o f 
t h e E u r o p e a n h i g h e n e r g y p h y s i c s 
p r o g r a m m e a n d t o s e e h o w t h i s c o u l d 
b e o p t i m i z e d t o m a k e t h e b e s t u s e 
o f a l l t h e f a c i l i t i e s a v a i l a b l e . T h e s e ­
r i o u s i l l n e s s o f t h e c h a i r m a n of E C F A , 
Dr . T . G . P i c k a v a n c e , w a s a g r e a t h a n ­
d i c a p b u t P ro f . G . S a l v i n i h a s s t e p p e d 
i n t o t h e b r e a c h p r o t e r n . 

The ISR 
In F e b r u a r y a l r e a d y , C o u n c i l h a d b e e n 
i n f o r m e d of t h e o p e r a t i o n o f t w o r i n g s 
s i m u l t a n e o u s l y o n J a n . 27 a n d t h e 
F i n a n c e C o m m i t t e e h a d a l r e a d y t a k e n 
s t o c k o f t h e f i n a n c i a l s i t u a t i o n a n d 
a g r e e d t h a t M a r c h 1 s h o u l d b e c o n s i ­
d e r e d t h e e n d o f t h e c o n s t r u c t i o n p e ­
r i o d a n d t h e b e g i n n i n g o f o p e r a t i o n . 
T h i s w a s , h o w e v e r , t h e f i r s t t i m e t h a t 
C o u n c i l c o u l d b e g i v e n a n o v e r a l l p i c ­
t u r e w i t h i n t h e f r a m e w o r k o f t h e f i n a l 
c o s t e s t i m a t e w h i c h s h o u l d b e w i t h i n 
1 % o f t h e f i n a l a c c o u n t i n g f i g u r e a n d 
h a s in a n y c a s e b e e n d r a w n u p , if 
a n y t h i n g p e s s i m i s t i c a l l y . 

P r o f e s s o r J o h n s e n r e m i n d e d d e l e ­
g a t e s t h a t it w a s in 1956 a t t h e f i r s t 
i n t e r n a t i o n a l g a t h e r i n g o f a c c e l e r ­
a t o r p h y s i c i s t s t h a t t h e p o s s i b i l i t y o f 
p r o d u c i n g u s e f u l c o l l i d i n g b e a m s w a s 
f i r s t m o o t e d . A l t h o u g h t h e a l t e r n a t i n g 
g r a d i e n t p r i n c i p l e h a d s t i l l t o b e 
f i n a l l y d e m o n s t r a t e d in a l a r g e s y n ­
c h r o t r o n , i ts p o t e n t i a l i t i e s w e r e a l ­
r e a d y s t i m u l a t i n g a lo t o f f r e s h i d e a s 
a n d C E R N w a s b e g i n n i n g t o t h i n k 

a b o u t t h e f u t u r e . It w a s in f a c t t h e 
M U R A g r o u p w h i c h f i r s t b e g a n s e ­
r i o u s l y t o t a l k o f c o l l i d i n g b e a m s a n d 
i n t r o d u c e d t h e i d e a of s t a c k i n g . T h e 
f o l l o w i n g y e a r C E R N b e g a n a s t u d y . 

In 1959 t h e PS c a m e i n t o o p e r a t i o n 
a n d i ts p e r f o r m a n c e w a s s o e n c o u r a ­
g i n g t h a t f u r t h e r s t u d i e s c o n c e n t r a ­
t e d o n t h e i d e a o f a s s o c i a t e d s t o r a g e 
r i n g s r a t h e r t h a n s p e c i a l a c c e l e r a t o r s 
w h i c h h a d b e e n f a v o u r e d u p t o t h a t 
m o m e n t . T h e d e v e l o p m e n t w a s t a k e n 
u p by A R D i v i s i o n a n d t r i b u t e w a s 
p a i d t o t h e c o n t r i b u t i o n s of t h e l a te 
Pro f . A . S c h o c h . 

T h e p h y s i c s c o m m u n i t y w a s 
b r o u g h t in t h r o u g h E C F A w h i c h w a s 
c r e a t e d in 1963 a n d t h e « t h i c k b o o k » 
c a m e o u t in 1964. T h e r e t h e n f o l l ­
o w e d a b i g d e b a t e o n t h e w i s d o m of 
p u t t i n g s o m u c h e f f o r t i n t o s u c h a f a r -
o u t p r o j e c t , b u t C o u n c i l t o o k i ts c o u ­
r a g e i n t o i ts h a n d a n d in D e c e m b e r 
1965 t o o k t h e d e c i s i o n t o g o a h e a d 
w i t h , a s b a s i c t a r g e t s : c o m p l e t i o n b y 
J u l y 1971 w i t h i n a n o v e r a l l b u d g e t o f 
332 M S w F r a t 1965 p r i c e s . 

S i t e w o r k b e g a n in N o v e m b e r 1966 
a n d a s t h e m o n t h s w e n t b y m u c h 
s h u f f l i n g of t h e p r o g r a m m e w a s n e e ­
d e d b e c a u s e o f d e l a y s in t h e c o m p l e ­
t i o n o f c e r t a i n e l e m e n t s . N e v e r t h e l e s s 
e x c e l l e n t r e l a t i o n s w e r e e s t a b l i s h e d 
w i t h i n d u s t r y a n d t h e s u c c e s s o f t h e 
p r o j e c t is a h a p p y r e f l e c t i o n o n t h e 
w a y E u r o p e a n c o m p a n i e s r e s p o n d e d 
t o t h e c a l l f o r e q u i p m e n t a n d m a t e ­
r i a l s b e y o n d t h e l i m i t s o f e s t a b l i s h e d 
t e c h n o l o g y . 

A s r e a d e r s o f C E R N C O U R I E R w i l l 
r e m e m b e r t h e t e s t s o n t h e f i r s t r i n g 
w e r e a d v a n c e d t o O c t o b e r of las t y e a r 
t o g e t in b e f o r e t h e PS s h u t d o w n in 
N o v e m b e r a n d D e c e m b e r a n d t h e 
r e s u l t s w e r e r e m a r k a b l y e n c o u r a g i n g . 
R i n g 2 w a s o p e r a t e d in J a n u a r y a n d 
o n J a n . 27 t h e t w o r i n g s w e r e o p e r ­
a t e d t o g e t h e r f o r t h e f i r s t t i m e . T h e 
in i t i a l t e s t s w e r e m a d e w i t h 15 G e V / c 
b e a m s f o l l o w e d b y 22.5 G e V / c in 
F e b r u a r y a n d 26.5 G e V / c in M a y . 

O v e r t h e p a s t f e w m o n t h s b e a m s 
h a v e b e e n a v a i l a b l e f o r 20-25 h o u r s / 
w e e k d u r i n g w h i c h t i m e t h e r e has 
b e e n n o m a j o r b r e a k d o w n . W i t h 
w e a k b e a m s t h e m a c h i n e b e h a v e s 
e x a c t l y as e x p e c t e d ; t h e m a g n e t s 
h a v e c o m f o r t a b l y m e t t h e s p e c i f i c a ­
t i o n s o f p r e c i s i o n a n d s t a b i l i t y , t h e R F 
h a s b e e n e x c e l l e n t a n d t h e v a c u u m 
h a s b e e n b e t t e r t h a n c o u l d h a v e b e e n 
a n t i c i p a t e d — t h e m e a n p r e s s u r e is 
a f e w X 10~ 1 0 t o r r . T h e r e h a s b e e n 
s o m e s e t t l e m e n t o f t h e r i n g b u t t h e 
c o m p u t e r h a s t a k e n c a r e o f t h i s . 

Fo r c u r r e n t s o f u p t o a b o u t 1 A , t h e 
l i f e t i m e is m e a s u r e d in m o n t h s , b e t ­
w e e n 1 A a n d 3 A in w e e k s a n d a t 
4 A t h e o r d e r o f a d a y . T h e l i f e t i m e 
t h e n is d e p e n d e n t o n c u r r e n t a n d t h e 
e x p e r i m e n t a l p o s s i b i l i t i e s a r e s t r o n g l y 
g o v e r n e d b y t h e l i f e t i m e . 

A t 3 A a t r a n s v e r s e c o h e r e n t i n s t a ­
b i l i t y w a s d i s c o v e r e d , t h e p o s i t i o n of 
w h i c h c o u l d b e c h a n g e d at w i l l a n d 
c a n b e d i s p l a c e d b e y o n d 5 A a t l eas t . 
Bu t , t h e r e is s t i l l m u c h t o b e l e a r n e d 
a b o u t t h e b e a m b e h a v i o u r . A s o m e ­
w h a t s i m i l a r e f f e c t a l s o a p p e a r s a t 
t h e s e c u r r e n t s w h i c h s e e m s c u r i o u s l y 
i n d e p e n d e n t o f m a c h i n e c o n d i t i o n s 
a n d e n e r g y a n d t h e r e a r e p o c k e t s o f 
p r e s s u r e r i se w h i c h a p p e a r t o d e p e n d 
o n t h e c i r c u l a t i n g c u r r e n t r a t h e r t h a n 
o n t h e b e a m l o s s . S o f a r a m a x i m u m 
c u r r e n t o f 5 V2 A h a s b e e n a c h i e v e d . 

T h e r e is a s m a l l a m o u n t of t a l k b e ­
t w e e n t h e t w o b e a m s if t h e c o n d i t i o n s 
o f o n e a r e c h a n g e d d r a s t i c a l l y bu t , 
f o r t h e m o s t p a r t , t h e y g o t h e i r w a y s 
b l i s s f u l l y i g n o r i n g t h e o t h e r ' s p r e ­
s e n c e . 

T h e b e s t e s t i m a t e s o f t h e o v e r a l l 
c o s t u p t o M a r c h 1 o f t h i s y e a r — 
a g r e e d t o b e t h e c o m p l e t i o n d a t e f o r 
c o n s t r u c t i o n , w o r k o u t a t 326 M s w F r . 
( i n c l u d i n g 12 M f o r p r e p a r a t i o n s f o r 
r e s e a r c h ) — s o m e 6 M less t h a n t h e 
1965 b u d g e t . 

T h e f i n a n c i a l a s p e c t as w e l l a s t h e 
t e c h n i c a l s u c c e s s e a r n e d w a r m p r a i s e 
f r o m t h e d e l e g a t e s a n d it w a s s u g -
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A recent photograph of CERN looking North over 
the intensively built-up area of Laboratory I to 
the fields and woods under which the SPS of 
Laboratory II will be built. 

g e s t e d t h a t t h e t e a m h a d s o m e t h i n g 
t o t e a c h to t h e w o r l d o u t s i d e t h e pa r ­
t i c l e p h y s i c s c o m m u n i t y in t h e w a y of 
p r o j e c t m a n a g e m e n t a n d c o n t r o l . T h i s 
h a d b e e n a s p l e n d i d p i e c e o f t e a m 
w o r k , s p l e n d i d l y l ed a n d s p e c i a l m e n ­
t i o n s h o u l d b e m a d e of t h e c o n t r i b u ­
t i o n o f t h e m e m b e r s o f t h e p a r a m e ­
t e r s c o m m i t t e e (see C C Feb . , p. 35) . 

The new Laboratory 
T h e m o s t p r e s s i n g t a s k Dr . A d a m s 
e x p l a i n e d a f te r t h e d e c i s i o n o f Fe ­
b r u a r y 19 w a s t h a t of s ta f f r e c r u i t m e n t , 
in p a r t i c u l a r r e c r u i t m e n t of t h e g r o u p 
l e a d e r s , as t h e f u l l - t i m e s ta f f e n g a ­
g e d o n t h e 300 G e V p r o g r a m m e w a s 
s t i l l a m e r e h a n d f u l . V i r t u a l l y n o b o d y 
w a s i n s t a n t l y a v a i l a b l e a n d s o fa r 
o n l y 10 p e o p l e h a d t a k e n u p t h e i r 
p o s t s . H o w e v e r , by t h e e n d o f t h e 
yea r , it w a s h o p e d t h e n u m b e r s w o u l d 
h a v e r i s e n to 100-150. D i s c u s s i o n s h a d 
b e e n h e l d w i t h t h e S P C a n d C o m m i t ­
t e e of C o u n c i l o n s e n i o r s ta f f a n d a p ­
p r o v a l w a s g i v e n f o r t h e a p p o i n t m e n t 
of t h e f o l l o w i n g : 

— D e p u t y t o t h e D i r e c t o r g e n e r a l : 
H. O. W u s t e r ( D E S Y L a b o r a t o r y ) ; 

— M a g n e t G r o u p L e a d e r : R. B i l l i n g e 
( R H E L a n d N A L B a t a v i a ) ; 

— RF : C. Z e t t l e r ( C E R N L a b . I) ; 
— B e a m T r a n s f e r : B. d e R a a d ( C E R N 

L a b . I) ; 
— P o w e r S u p p l i e s : S. v a n d e r M e e r 

( C E R N L a b . I) ; 
— C o n t r o l s : M . C. C r o w l e y - M i l l i n g 

( D a r e s b u r y L a b o r a t o r y ) ; 

— S u r v e y : J . G e r v a i s e ( C E R N L a b . I ) ; 
— R a d i a t i o n : K. J . G o e b e l ( C E R N 

L a b . I) ; 

— E x p e r i m e n t a l A r e a s : G. B r i a n t i 
( C E R N L a b . I) ; 

— M e c h a n i c a l D e s i g n : H. H o r i s b e r -
g e r ( C E R N L a b . I) ; 

— S i t e I n s t a l l a t i o n s : R. L e v y - M a n d e l 
(Sac lay ) ; 

— S i t e A d m i n i s t r a t i o n : A . K l e i n (F) . 
T h e nex t p r o b l e m w a s o n e o f 

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

i n g s d o w n n e a r t h e W e s t Ha l l a r e 
a v a i l a b l e a n d a f u r t h e r t h r e e a r e t o b e 
e r e c t e d . T h e c a l l f o r t e n d e r s f o r t h e 
n e w l a b o r a t o r y b u i l d i n g s w e n t o u t 
e a r l y in A p r i l a n d w i l l be a d j u d i c a t e d 
in S e p t e m b e r s o t h a t c o n s t r u c t i o n c a n 
b e g i n a l l b e i n g w e l l t h e f o l l o w i n g 
m o n t h . T h e y a re s c h e d u l e d f o r o c c u ­
p a t i o n at t h e e n d of 1972. T h e c a l l f o r 
t e n d e r s f o r t h e c o n s t r u c t i o n o f t h e 
w o r k t o s ta r t e a r l y in t h e n e w 
a n u m b e r of l a r g e c o m p a n i e s w h o 
h a v e c o n s i d e r a b l e e x p e r i e n c e in 
b o r i n g o p e r a t i o n s a n d w h o h a v e a l ­
r e a d y c o m p l e t e d p r o j e c t s of a s i m i l a r 
s c a l e a n d n a t u r e . T h e c o n t r a c t s 
s h o u l d b e a w a r d e d in N o v e m b e r f o r 
w o r k t o s t a r t e a r l y in t h e n e w yea r . 

A r r a n g e m e n t s f o r t h e a c q u i s i t i o n of 
t h e n e c e s s a r y l a n d w i t h e a r l y a c c e s s 
t o t h e m o s t i m p o r t a n t s e c t o r w a s p r o ­
c e e d i n g s m o o t h l y a n d h a r m o n i o u s l y 
a n d t h e r e w a s g o o d r e a s o n t o b e l i e v e 
t h a t u p t o 70 ha w o u l d b e a v a i l a b l e 
by t h e e n d of t h i s y e a r a n d t h e r e 

w o u l d b e no h o l d - u p in t h e b u i l d i n g 
p r o g r a m m e o n t h a t a c c o u n t . 

A s a t i s f a c t o r y s o l u t i o n t o t h e t e m ­
p o r a r y a n d p e r m a n e n t e l e c t r i c i t y s u p ­
p l y p r o b l e m h a d b e e n w o r k e d o u t 
w i t h E i e c t r i c i t e d e F r a n c e a n d t h e 
g e n e r a l s c h e m e f o r t h e w a t e r s u p p l y 
w i t h t h e l o c a l S w i s s a u t h o r i t i e s . T h e 
a r r a n g e m e n t s f o r t e l e p h o n e c o m m u ­
n i c a t i o n w h i c h ra i se s o m e n i c e t r a n s ­
f r o n t i e r q u e s t i o n s w e r e n e a r l y c o n ­
c l u d e d . 

N o w t h e r e w a s an i n t e n s i v e s t u d y 
of t h e m a i n d e s i g n p a r a m e t e r s o f t h e 
S P S in h a n d in p a r t i c u l a r t h e m a g n e t 
l a t t i c e s t r u c t u r e . 

It w a s s o m e t h i n g of a s h o c k t o be 
r e m i n d e d t h a t p a r l i a m e n t a r y a p p r o v a l 
w a s s t i l l t o b e a c q u i r e d in s o m e c o u n ­
t r i e s b e f o r e p a r t i c i p a t i o n in t h e p r o ­
j e c t c o u l d b e c o n f i r m e d bu t t h e r e 
w e r e n o u n p l e a s a n t s u r p r i s e s . B o t h 
S w e d e n a n d N o r w a y c o u l d c o n f i r m 
t h e i r p a r t i c i p a t i o n a n d t h e m e s s a g e ' s 
h a d s p e e d i l y n e g o t i a t e d b o t h h o u s e s 
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Professor Jentschke being bidden farewell at 
Varna by Mr. M. Loschilov of the Dubna 
International Department. To the left of Professor 
Jentschke is Professor A. M. Baldin, in the 
centre Dr. P. S. Isaev, while Professor Kofoed-
Hansen is to the right of Mr. Loschilov. 

in Sw i t ze r land and was awa i t i ng the 
c o m p l e t i o n of the necessary 90 days 
' i n cuba t i on ' pe r i od . 

Inter-Laboratory 
Collaboration 
A grea t dea l of t hough t has been 
g iven to the best means of ensu r ing 
the best poss ib le co l l abo ra t i on be ­
tween the t w o Labora to r ies of CERN 
and w i t h the Univers i t ies and research 
cen t res ou ts ide . The th ree cons ide ra ­
t i ons uppe rmos t in the m inds of the 
admin i s t ra t i on of CERN and the de le ­
gates we re : 

1. The need to emphas i ze the un i ty 
of CERN as an Organ iza t i on wh i l s t 
st i l l r ecogn iz ing that Labo ra to ry I was 
respons ib le fo r the Bas ic and ISR 
P r o g r a m m e s and Labora to ry II under 
a separa te D i rec to r genera l and w i t h 
a separa te budge t w a s respons ib le 
for the 300 GeV P rog ramme. 

2. The need to make the best pos­
s ib le use of ex is t ing serv ices to avo id 
as far as possibJe dup l i ca t i on or 
was te . 
3. The need to ha rmon ize the phy­
s ics p r o g r a m m e s so that the best use 
w a s made of ex is t ing fac i l i t i es and 
the new fac i l i t ies best met the deve l ­
op ing requ i rements for research . 

Ins ide CERN a coo rd ina to r fo r expe ­
r imen ts re la t ing to the SPS had been 
nom ina ted (J. V. A l laby) w h o w i l l be 
in c lose t ouch w i t h Prof. P. Fa lk -Va i -
rant of Sac lay w h o is c h a i r m a n of the 
w o r k i n g g roup set up by ECFA. 

The four ex is t ing expe r imen ta l c o m ­
mi t tees w i l l con t i nue to act as be fo re 
in the es tab l i shment of the sc ien t i f i c 
p r o g r a m m e and for the t ime be ing 
w i l l l be who l l y c o n c e r n e d w i th Lab. I 
ope ra t i ons but shou ld in due cou rse 
be ab le to adapt to the c o m i n g into 
ope ra t i on of the SPS. 

A new M a c h i n e C o m m i t t e e d r a w n 
f r o m the var ious European acce le ra ­
tor cen t res w i t h Prof. F. A m m a n of 

Frascat i as cha i rman w i l l ma in ta in 
the con tac t be tween the SPS bu i lde rs 
and the phys ics c o m m u n i t y on the 
ha rdware ques t ions w h i c h relate to 
the ope ra t i on of the new acce le ra to r . 
A sys tem of ad hoc s tudy g roups 
t ack l i ng spec i f i c p rob lems is favoured 
rather than pe rmanen t g roups w i t h 
g loba l respons ib i l i t ies . 

The deve lopmen t of s u p e r c o n d u c t ­
ing t echn iques fo r synch ro t ron a p p l i ­
ca t ions w i l l be ca r r ied out in labor­
a to r ies of the M e m b e r States — p r i n ­
c ipa l l y Kar ls ruhe , RHEL and Sac lay 
and w i l l be coo rd ina ted by the 
c o m m i t t e e w i t h c o d e name GESSS. 

The s t ruc tu re is moreover not im ­
mutab le but is des igned to be as l ight 
and as f l ex ib le as poss ib le so that 
it can take accoun t of expe r ience in 
th is novel s i tua t ion . The 18 years ' 

Varna Summer 
School 
The Black Sea Summer School of Elemen­
tary Particles was held at Varna, Bulgaria 
from 13-27 June. It was organized by the 
Joint Institute for Nuclear Research, 
Dubna, USSR, in collaboration with CERN 
and with representatives from Bulgaria. 
It was attended by 110 students from 20 
countries, including 38 students from the 
Member States of CERN. The principal 

b a c k g r o u n d of success fu l co l l abo ra ­
t ion at CERN shou ld ensure it ge ts 
off in th is new era on a sound foo ­
t i ng . 

Be fore c o n c l u d i n g the Counc i l bus i ­
ness the Pres ident , Prof. A m a l d i an ­
nounced that Dr. G. Funke, Swed ish 
de lega te and f o r m e r Counc i l Pres i ­
dent had ag reed to act as V ice -Pre ­
s ident unt i l t he end of the year to 
f i l l the vacancy left by Dr. H. H. Haun-
sch i l d w h o has been ca l led to h igher 
du t ies in Germany . The o ther V i ce -
Pres ident is Dr. A. Chavanne of Swi t ­
ze r land . A p p r e c i a t i o n was also exp res ­
sed of the w o r k of Prof. Wa l te r Th i r -
r ing w h o re turns to Aus t r ia af ter two 
years as Head of the Theore t i ca l 
Phys ics Depar tment . Unt i l the end of 
the year , Leon Van Hove w i l l be 
ac t ing in his s tead . 

lecture courses were: — «Inelastic 
Particle Interaction Theory» by D. Shir-
kov (JINR), «Electromagnetic and Weak 
Interactions» by J. Prentki (CERN), 
«Multiparticle Production on Nuclei at 
High Energies » by A. Bialas (Cracow). In 
addition short lecture courses were given 
by V. Barashenkov (JINR), 0. Kofoed-
Hansen (CERN), V. Matveev (JINR), 
Nguyen Van Hieu (N. Vietnam), while W. 
Jentschke (CERN), A. Mihul (JINR), A. 
Baldin (JINR) and V. larba (IHEP, Serpuk­
hov) spoke about the research pro­
grammes of their laboratories. 

190 



CERN News 1. Mass spectrum of particles at the hyperon 
channel output. For a given momentum, selected 
by adjusting the analyzing magnets, the particles' 
mass is identified by selecting their velocity 
using the DISC counter. The negative hyperons 
2 - and E~ are clearly visible on the right-hand 
side of the spectrum. 

2. E- - > A ° + j c - decay. 

A E~ of 18 GeV/c decays in a streamer chamber 
located behind the blSC to give a n~ and a A ° . 
The A 0 decays into ~ + p. 

Beam of negative 
hyperons 
A C E R N - O r s a y - E c o l e P o l y t e c h n i q u e 
g r o u p has b e g u n e x p e r i m e n t s w i t h t he 
n e w h y p e r o n b e a m . T h e l ine is ve r y 
s h o r t a n d i n c o r p o r a t e s t w o a n a l y z i n g 
m a g n e t s a n d t w o s u p e r c o n d u c t i n g 
l enses (see C E R N C O U R I E R v o l . 10 
p a g e 281) g r o u p e d t o g e t h e r o v e r a 
d i s t a n c e of 3.70 m. T h e h y p e r o n s at 
rest l ive f o r o n l y a b o u t 10~ 1 0 s e c o n d s 
a n d t h e t r i c k f o r o b t a i n i n g a u s u a b l e 
b e a m is f i r s t t o p r o d u c e t h e h y p e r o n s 
at as h i g h an e n e r g y as p o s s i b l e so 
w i n n i n g f r o m t h e t i m e d i l a t i o n , a n d , 
s e c o n d t o m a k e t h e b e a m l ine as 
s h o r t as p o s s i b l e . T h e b e a m set u p 
in t h e East Ha l l uses t h e N o r t h b r a n c h 
of t h e p r o t o n b e a m e j e c t e d at 
2 4 G e V / c (see C E R N C O U R I E R M a r c h 
1971). T h e h y p e r o n s p r o d u c e d in a 
t a r g e t 20 c m long pass t h r o u g h a 
c u r v e d c h a n n e l w i t h a n a v e r a g e 
s e c t i o n of 4 c m 2 . T h i s c h a n n e l is 
l o c a t e d i ns i de t w o a n a l y z i n g s h i m 
m a g n e t s w h i c h p r o d u c e a m a x i m u m 
m a g n e t i c f i e l d of 3 T e s l a . S u r r o u n d i n g 

I L 1 1 L ± 1 I 

11000 13000 15000 17000 

1 . 

t h e c h a n n e l is a c o m p o s i t e s h i e l d 
c o n s i s t i n g of t u n g s t e n a n d u r a n i u m 
nex t t o t h e b e a m a n d lead fo r t h e 
r e m a i n d e r of t h e v o l u m e . By b e n d i n g 
t h e t r a j e c t o r y of s t ray p a r t i c l e s s u c h 
as m e s o n s in t he m a g n e t i c f i e i d 
t h e i r p a t h t h r o u g h t h e s h i e l d i n g is 
l e n g t h e n e d . T h e t w o s u p e r c o n d u c t i n g 
q u a d r u p o l e s a re p l a c e d a f te r t h e f i r s t 
a n d s e c o n d m a g n e t s r espec t i ve l y . 

T h i s c o n f i g u r a t i o n g i ves t h e m a x i ­
m u m in tens i t y of h y p e r o n s c o n s i s t e n t 
w i t h g o o d i d e n t i f i c a t i o n a n d f o r a 
m o m e n t u m m e a s u r e m e n t a c c u r a t e to 
w i t h i n 10 % . 

A D ISC d i f f e ren t i a l C h e r e n k o v 
c o u n t e r is l o c a t e d r igh t at t h e c h a n n e l 
o u t p u t . By a d j u s t i n g t h e p r e s s u r e of 
t h e gas i ns i de ( su lphu r h e x a f l u o r i d e ) , 
t h e r e f r a c t i v e i ndex of t h e D ISC m a y 
b e c o n t r o l l e d , a n d p a r t i c l e s of a g i v e n 
v e l o c i t y s e l e c t e d . K n o w i n g t h e m o ­
m e n t u m a n d t h e s p e e d of a p a r t i c l e 
t h e m a s s c a n be c o m p u t e d a n d t h e 
m a s s s p e c t r u m of t h e b e a m (F ig . 1) 
d e t e r m i n e d by v a r y i n g t h e r e f r a c t i v e 
i n d e x in t he DISC. T o i den t i f y 
I T o r S ~ h y p e r o n s , it is s u f f i c i e n t t o 
se t t h e c o r r e c t i ndex . 

W i t h t h e D ISC a d j u s t e d f o r 3 ~ a n d 
u s e d in c o n j u n c t i o n w i t h a s t r e a m e r 
c h a m b e r m e a s u r e m e n t s have b e e n 
t a k e n o v e r t h e range 13-20 G e V / c . 
F i g . 2 s h o w s a 3 ~ d e c a y o b s e r v e d in 
t h e s t r e a m e r c h a m b e r w h e n t h e 
b e a m w a s set at 1 8 G e V / c . 

Current experiment 

T h e b e a m as it is c u r r e n t l y b e i n g 
used f o r t h e p resen t e x p e r i m e n t is 
p r o d u c i n g s o m e t h i n g of t h e o r d e r 
of 100 2 " i den t i f i ed by t h e D ISC pe r 
pu l se of 2 X 1 0 1 1 p r o t o n s f r o m t h e 
PS ; t h e loss f a c t o r d u e to d e c a y 
b e t w e e n t h e t a r g e t a n d t h e D ISC is 
a p p r o x i m a t e l y 1000. 

M e a s u r e m e n t s a re b e i n g m a d e o n 
t h e t o ta l c r o s s - s e c t i o n of 2 " o n 
h y d r o g e n a n d d e u t e r i u m , t h e resu l t s 
of w h i c h w i l l be an i m p o r t a n t tes t of 
t h e q u a r k m o d e l . T h e p r e s e n t s e t - u p 

c o m p r i s e s t h e f o l l o w i n g s e q u e n c e of 
e q u i p m e n t a l o n g t h e b e a m l ine : a 
D ISC f r a m e d by t w o m u l t i - w i r e p r o ­
p o r t i o n a l c h a m b e r s , a h y d r o g e n a n d 
d e u t e r i u m t a r g e t 1 m e t r e l ong f o l l o w ­
e d by a s e c o n d D ISC f r a m e d by t w o 
m o r e p r o p o r t i o n a l c h a m b e r s . W i t h 
t h e s e c h a m b e r s d e v e l o p e d in t h e 
L i n e a r A c c e l e r a t o r L a b o r a t o r y at 
Orsay , a n g l e s c a n be m e a s u r e d t o 
0.5 m r a d a c c u r a c y w h e n t h e c h a m ­
b e r s a re 60 c m apa r t . 
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One of the most 'aesthetic' parts of the 
Booster's power supply being installed : 
these are the circuit coils for the passive 
filter, with their distinctive toroidal, 
coreless design. 

Next experiment 

A s e c o n d e x p e r i m e n t is n o w b e i n g 

p r e p a r e d . It w i l l i n c o r p o r a t e t w o l a r g e 

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

b e p l a c e d in a b i g m a g n e t ) a n 

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

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

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

d e c a y s 2~ e~ 4- n + v a n d E~ -> A 0 

+ e~ + *v. B y s t u d y i n g t h e s e r a r e 

m o d e s , t h e p a r a m e t e r s o f t h e 

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

t h e e f f e c t s o f S U 3 s y m m e t r y b r e a k i n g 

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

p r o d u c e s e v e r a l t h o u s a n d s 2~ d e c a y s 

a n d a b o u t 100 3" d e c a y s . T h e s e 

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

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

in t h e w o r l d . 

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

se t u p at t h e B r o o k h a v e n N a t i o n a l 

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

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

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

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

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

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

h i g h e n e r g y a t t h e N a t i o n a l A c c e l e r ­

a t o r L a b o r a t o r y a n d in t h e f u t u r e a t 

t h e C E R N S P S . 

Static power supply 
for the Booster 
' S t a t i c ' p o w e r s u p p l i e s , t h a t is , t h o s e 

w i t h o u t r o t a t i n g c o m p o n e n t s ( a n d no t 

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

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

Current cycle (above) and voltage cycle 
(below) of the Booster. It can be seen that, 
unlike the PS where the field rise occurs at 
a steady voltage, the voltage here is programmed 
to produce the desirable increase in field. 

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

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

b y t h e i r m a g n e t s . 

A n a c c e l e r a t o r l i ke t h e C E R N p r o ­

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

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

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

no t t a k e n , t h i s w o u l d m e a n t h a t 

90 M W of p o w e r w o u l d be t a p p e d 

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

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

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

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

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

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

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

a t e b o t h as m o t o r s a n d as g e n e r a t o r s ; 

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

p o w e r a n d t h e s u p p l y g r i d is no t 

a f f e c t e d . 

H o w e v e r , t h e s e r o t a t i n g s y s t e m s 

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

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

a l i m i t e d l i f e . T h e y r e q u i r e a m a i n ­

t e n a n c e t e a m of s e v e r a l m e n o n 

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

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

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

m o n t h s . B y t a k i n g a d v a n t a g e of t h e 

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

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

t h e i n t e r c o n n e c t i o n of s u p p l y g r i d s , it 

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

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

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

m a j o r n e t w o r k s . 

T h i s s o l u t i o n is b e i n g u s e d f o r 

s u p p l y i n g t h e m a g n e t s of t h e 2 0 0 -

500 G e V a c c e l e r a t o r a t B a t a v i a w h e r e 

t h e r e is a l a r g e a m o u n t of p o w e r 

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

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

L a k e s . It is p l a n n e d t o d o t h e s a m e 

a t C E R N f o r t h e S P S . 

H o w e v e r , b e f o r e s t a r t i n g w o r k o n 

t h e S P S , t h e E u r o p e a n s h a v e a l r e a d y 

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

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

t o t h e PS B o o s t e r w h i c h , in v i e w of 

i ts m o r e m o d e s t p o w e r r e q u i r e m e n t , 

w a s c o m p a t i b l e w i t h t h e s i ze of t h e 

l o c a l s u p p l y g r i d . 

I n i t i a l s t u d i e s in 1968 (see C E R N 

C O U R I E R , v o l . 8, p a g e 250) h a d 

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

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

t a k e n a t t h e e n d o f 1968. T h e p o w e r 

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

i n s t a l l e d a n d t e s t s w i l l b e g i n in 

A u t u m n 1 9 7 1 . 

T h r e e m a i n r e q u i r e m e n t s h a v e g o v ­

e r n e d t h e d e s i g n of t h i s s y s t e m : 

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

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

t h e C E R N g r i d t o a m i n i m u m ; t h i s 

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

a n d b y t r i g g e r i n g t h e m in s e q u e n c e ; 

2) d e v e l o p m e n t o f a c o n s t a n t 

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

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

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

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

s u m of t h e t w o r e m a i n s c o n s t a n t ; 

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

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

a d d i t i o n of c a p a c i t o r b a n k s ( w h i c h 



also serve as h a r m o n i c f i l te rs on the 
a l te rna t i ng cu r ren t ne two rk ) . 

In th is way , t he reac t i ve p o w e r may 
be r e d u c e d to a p p r o x i m a t e l y V10 of 
i ts va lue had the m a g n e t s been c o n ­
nec ted d i r ec t l y to t he ma ins (app rox . 
1 M V A R ins tead of 8 to 9), and th is 
w i l l l imi t vo l t age f l u c t u a t i o n s on the 
CERN g r i d to a p p r o x i m a t e l y 0.3 % 
— a t o l e rab le level fo r o the r users . 

T h e p o w e r s u p p l y i n c l u d e s the 
f o l l o w i n g ma in c o m p o n e n t s : 

— 4 sets of t hy r i s t o r s (3 fo r supp l y 
and 1 fo r c o m p e n s a t i o n ) , e a c h of 
w h i c h i nc ludes : 1 2.2 M V A t w i n t rans ­
f o r m e r and a set of 60 m e d i u m , 430 A, 
d o d e c a p h a s e , a i r - c o o l e d thy r i s to rs 
w i t h 10 kV insu la t ion aga ins t g r o u n d ; 

— 1 pass ive f i l te r fo r d i r ec t c u r r e n t 
(see photo) ; 

— 1 b a n k of c o m p e n s a t i o n and 
f i l te r c a p a c i t o r s ; 

— al l t he usua l e q u i p m e n t fo r c o n ­
t ro l and p r o t e c t i o n . 

First magnet 
for the Booster 
S ince 24 June the Boos te r b u i l d i n g s 
have been the s c e n e of i nc reased 
ac t iv i ty . Tha t da te m a r k e d the 
ins ta l la t ion of the f i rs t of t h e ma­
ch ine ' s magne ts and the b e g i n n i n g of 
t h e p rocess of e q u i p p i n g the tunne l 
w i t h t he h u n d r e d s of c o m p o n e n t s 
w h i c h , w h e n f i t ted t oge the r , w i l l f o r m 
the 4 s u p e r i m p o s e d r ings of the 
m a c h i n e . 

These s ing le -yoke f o u r - g a p m a g ­
nets a re s u p p l i e d c o m p l e t e w i t h co i l s , 
by A l s t h o m , Bel for t , at t he rate of 2 
per w e e k , and so , al l be ing w e l l , t hey 
shou ld al l be in pos i t i on by the 
b e g i n n i n g of November . 

Dur ing p u n c h i n g and a s s e m b l y of 
the l am ina t i ons an a c c u r a c y of a few 
h u n d r e d t h s of a m i l l ime t re has been 
a c h i e v e d fo r t he yokes and a p p r o x i ­
mate ly 0.2 m m fo r the a l i gnmen t of the 
c o p p e r in the gaps . 

The measu remen ts , w h i c h have 
been d o n e at CERN us ing a s e m i ­
a u t o m a t i c sys tem in c o n j u n c t i o n w i t h 
a c o m p u t e r and a p r in t -ou t (see 
C E R N COURIER vo l . 1 1 , page 95), 
have s h o w n tha t al l t he magne t s d e ­
l i vered by the end of J u n e w e r e we l l 
w i t h i n the spec i f i ca t i ons . The next j o b 
at CERN is to add the t r i p l e s h i m m i n g 
( co r rec t i on of sys temat i c , s ta t i s t i ca l 
and ve r t i ca l g rad ien t e f fec ts) , in o r d e r 
to ensure a f ie ld in the usefu l ape r tu re 
h o m o g e n e o u s to ± 2 X 10~ 4. 

The de l i ve ry of the f i rs t f o c u s s i n g 
e lemen ts , s u p p l i e d by B B C M a n n ­
he im , has a lso begun ; t he c o m p l e t e 
set s h o u l d be at CERN a lso by t he 
b e g i n n i n g of November . P rec i s ion 
m e a s u r e m e n t s ca r r i ed ou t on these 
magne ts a lso s h o w that t he s p e c i f i ­
ca t i ons have been fu l ly o b s e r v e d . T h e y 
are m a d e in an a i r - c o n d i t i o n e d a rea 
and are f o l l o w e d by a h igh ly a c c u r a t e 
op t i ca l and magne t i c a l i gnmen t of the 
fou r gaps . 

F ina l ly , t he f i rs t of the 21 c o r r e c t i n g 

General layout of the installation : 3 groups of 
thyristor rectifiers are used for the power supply 
itself and the fourth serves to create artificial 
reactive power which is added to that of the 
network so that the total of the two remains 
constant. The capacitor bank on the right 
serves to reduce the reactive power 
from 8-9 MVAR to 1 MVAR. 

Photo taken during the fitting of the 
Scotchlite reflective covering to the interior 
of the BEBC chamber body, which is the same 
size as a small studio. 

po le lenses o r d e r e d f r o m L in to t t has 
jus t a r r i ved at C E R N and it w i l l 
sho r t l y be i ts t u r n to be c o u n t e d . 

Wall-papering the BEBC 
T h e last of the b ig vesse ls fo r t he 
3.7 m l i qu id h y d r o g e n c h a m b e r BEBC, 
t he b o d y i tself , w a s de l i ve red in J u n e 
and is n o w be ing p repa red fo r its 
f ina l t ransp lan t . One of the j o b s tha t 
s t i l l had to be d o n e w a s the l in ing of 
the in te r io r w i t h a re f lec t ive c o v e r i n g 
of S c o t c h l i t e . T h e Sco t ch l i t e is d e ­
s i gned to re f lec t the l ight c o m i n g 
f r o m t h e annu la r f lash b a c k in to t he 
c a m e r a lens w i t h a very low ang le of 
d i v e r g e n c e (see f igure) i r respec t i ve of 
the i nc iden t ang le . The c h a m b e r t h e n 
w h e n v i e w e d t h r o u g h the cen t ra l par t 
ho le l ooks un i f o rm ly w h i t e a n d any 
b u b b l e s a p p e a r as d a r k d i scs ( the s o -
ca l l ed b r i gh t f i e ld i l l um ina t ion ) . T r a c k s 
a re d a r k l ines on w h i t e and the 
d e v e l o p e d f i lm s h o w s wh i t e l ines on a 
b l ack b a c k g r o u n d . The advan tages of 
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TYPICAL RAYS 

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

a t B e r k e l e y in 1 9 6 3 , is t h a t v e r y 

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

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

T h e S c o t c h l i t e is a s p e c i a l r e f l e c t i v e 

c o v e r i n g s u p p l i e d by t h e f i r m 3 M . It 

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

12 i n c h e s w i d e a n d b e c a u s e o f i ts 

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

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

b e a l w a y s in h i d i n g . It c o n s i s t s of a 

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

a n a l u m i n i z e d p l a s t i c s h e e t . T h e 

b e a d s w h i c h a r e of v e r y h i g h r e f r a c ­

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

r e m a i n s a t r a d e s e c r e t a r e a b o u t 25 

M-m d i a m e t e r . S o m e 1000 M i l l i o n s / m 2 

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

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

c o l o u r l e s s M y l a r (R). 

T h e S c o t c h l i t e c o m e s p r o t e c t e d o n 

b o t h s i d e s b y i m p r e g n a t e d p a p e r . It is 

s e l f - a d h e s i v e a n d is s i m p l y p r e s s e d 

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

a) Curve showing the intensity of the reflected 
light as a function of the reflecting cone's 
aperture for two characteristic angles of 
incidence (10° and 45°). 

b) Schematic diagram of the diffusion 
by a bubble, of light originating from a flash 
around the objective and reflected 
by the Scotchlite. 

c) Very enlarged section of the Scotchlite 
covering. The millions of beads immersed in a 
plastic covering reflect the light in a direction 
nearly parallel to the path of the incident rays. 

h a s b e e n r e m o v e d . H o w e v e r , it a d ­

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

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

p o s i t i o n e d s h e e t w i t h o u t s p o i l i n g it. 

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

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

p r e p a r e d in o r d e r t o g e t p e r f e c t s t i c k ­

i n g e v e n in l i q u i d H2 at 2 5 ° K. (1) T h e 

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

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

a c t i v e a g e n t s a n d n o n - i n f l a m m a b l e 

s o l v e n t s f o l l o w e d b y r i n s i n g in t a p 

w a t e r ; (2) p i c k l i n g in a m i x t u r e o f 

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

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

w i t h w a t e r ; (3) p a s s i v a t i o n w i t h d i l u t e 

H N O 3 a n d r i n s i n g w i t h t a p w a t e r a n d 

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

w a t e r . 

W h e n t h i s h a s b e e n d o n e , t h e a p p l i ­

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

a t a s k e n t r u s t e d t o a s k i l l e d ' d e c o r a ­

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

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

p a p e r h a n g e r s . 
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B e l o w lef t : 

Basic layout of the function generator. 
A total of 48 functions are stored in the satellite 
computer which retransmits them, on request, 
to the terminals ; the latter in turn convert them 
into analog voltage signals. 
When a function is presented to the IBM 1800 in 
the form of a Fortran punched card, it is 
broken down into vectors, the co-ordinates of 
which are recorded in binary code. 
The IBM 1800 takes about 30 seconds to compute 
a function. 

The IBM 1800 memory core can store in advance 
100 functions in binary form ; in one 
second these can be made to replace those 
stored in the satellite computer. 
By means of the control desk connected to the 
IBM 1800 and to the oscilloscope, 'empirical' 
modifications can be made manually to the 
functions already stored in the memory. 

Computerized function 
generator for the 
PS and Booster 
F o r s e v e r a l y e a r s , n o w , t e s t s r e l a t e d 
t o t h e a u t o m a t i c c o n t r o l o f a c c e l e r a ­
t o r s h a v e b e e n u n d e r w a y a t t h e P S , 
i n v o l v i n g t h e u s e o f a n I B M 1800 c o m ­
p u t e r l o c a t e d in t h e c o n t r o l r o o m . 
Las t y e a r a t r i a l r u n w a s m a d e o n t h e 
a u t o m a t i c c o n t r o l o f t h e PS c o m p e n ­
s a t i n g w i n d i n g s . In v i e w o f t h e e n ­
c o u r a g i n g r e s u l t s , it w a s d e c i d e d t o 
d e s i g n a f u n c t i o n g e n e r a t o r c o m m o n 
t o t h e PS a n d B o o s t e r , t o p r o v i d e 
a u t o m a t i c o p e r a t i o n o f t h e g r e a t e r 
p a r t o f t h e l a t t e r ' s c o n t r o l s y s t e m . 
B e c a u s e o f t h e p u l s e d c h a r a c t e r i s t i c s 
o f s y n c h r o t r o n s , a l a r g e n u m b e r o f 
t h e i r p a r a m e t e r s m u s t c o m p l y w i t h 
v a r y i n g t i m e f u n c t i o n s in t h e a c c e l e r ­
a t o r ' s c y c l e . T h e s e f u n c t i o n s r e l a t e , 
f o r e x a m p l e , t o t h e p o w e r s u p p l i e s , 
t h e RF s y s t e m e tc . , f o r w h i c h t h e y 
s e r v e as t h e r e f e r e n c e v a l u e s . 

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

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

t h e y a r e n o w a b l e t o t a k e o v e r t h e 

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

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

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

t h e m as r e q u i r e d . 

Fo r t h e o p e r a t i o n o f t h e PS a n d 
B o o s t e r , a c o m p u t e r - o p e r a t e d f u n c t i o n 
g e n e r a t o r h a s b e e n d e s i g n e d w h i c h is 
a b l e t o c o n t r o l 48 d i f f e r e n t f u n c t i o n s 
s i m u l t a n e o u s l y . T h e f u n c t i o n s , in t h e 
f o r m of F o r t r a n p u n c h e d c a r d s , a r e 
p r e s e n t e d t o t h e I B M 1800 c o m p u t e r , 
w h i c h b r e a k s t h e m d o w n i n t o a s e r i e s 
o f v e c t o r s a n d c a l c u l a t e s t h e i r c o ­
o r d i n a t e s in a l i n e a r f o r m . 

E a c h v e c t o r is c h a r a c t e r i z e d b y i ts 
i n i t i a l a m p l i t u d e , s l o p e a n d d u r a t i o n , 
in s u c h a w a y t h a t o v e r t h e t i m e -
i n t e r v a l t h e f u n c t i o n is r e p r e s e n t e d b y 
t h e v e c t o r w i t h i n t h e l i m i t s o f a t o l e r ­
a n c e s p e c i f i e d b y t h e o p e r a t o r . T h e 
c h a r a c t e r i s t i c s o f a v e c t o r a r e c o d e d 

in t h e f o r m of t w o b i n a r y w o r d s 
c o n s i s t i n g of 116 b i t s . 

T h e d a t a a r e t h e n s t o r e d in t h e c o r e 
o f a s a t e l l i t e c o m p u t e r ( V a r i a n 620) , 
w h i c h r e t r a n s m i t s t h e m , w h e n i n ­
s t r u c t e d , t o t e r m i n a l s w h e r e t h e y a r e 
c o n v e r t e d i n t o a n a l o g v o l t a g e s i g n a l s . 

A t t h e b e g i n n i n g o f t h e a c c e l e r a t i o n 
c y c l e t h e f i r s t t w o w o r d s r e p r e s e n t i n g 
t h e f i r s t v e c t o r o f e a c h f u n c t i o n a r e 
s e n t t o e a c h ' t e r m i n a l ' . T h i s c o m ­
p o n e n t , o f w h i c h t h e r e is o n e p e r 
f u n c t i o n , r e c o n s t r u c t s t h e v e c t o r : t h e 
o r i g i n a l a m p l i t u d e , f o l l o w e d b y a n 
a n a l o g s l o p e f o r a t i m e e q u a l t o t h e 
d u r a t i o n o f t h e v e c t o r . W h e n t h i s t i m e 
h a s e x p i r e d , t h e t e r m i n a l s e n d s a n 
' i n t e r r u p t ' s i g n a l t o t h e c o m p u t e r 
r e q u e s t i n g t h e i s s u e o f t h e f o l l o w i n g 
v e c t o r . T h i s p r o c e d u r e c o n t i n u e s u p 
t o t h e las t v e c t o r r e p r e s e n t i n g t h e 
f u n c t i o n in t h e c y c l e . 

T h e 48 s t o r e d f u n c t i o n s n o r m a l l y 
c o r r e s p o n d t o o p e r a t i o n s r e l a t i n g t o 

Death 
of Professor Bernas 
Professor Rene Bernas, Director of 

the Nuclear and Mass Spectrometry 

Centre of CNRS at Orsay, who has 

led a number of experiments at CERN 

on the identification and isolation of 

short-lived radio-isotopes died in 

Paris on July 7 at the age of 51. With 

his team he was preparing an experi­

ment on sodium 35 to begin at the PS 

at the end of this year. 

He was among the group which 

initiated the ISOLDE project at CERN 

and since 1965, he has developed a 

new technique for the detection of 

radio-isotopes which has formed the 

basis of a number of experiments at 

CERN on lithium, sodium, rubidium 

and caesium. 

A modest person but a scientist of 

rigorous method and an excellent 

group leader, he will be sadly missed 

by his friends at CERN and elsewhere. 

t h e c y c l e . F o r e x a m p l e , in t h e c a s e o f 
t h e B o o s t e r , t h e r e a r e t w o f u n c t i o n s 
f o r c o n t r o l l i n g t h e d i p o l e s , e i g h t f o r 
t h e q u a d r u p o l e s , t w e l v e f o r t h e RF 
v o l t a g e e tc . . . 

A s w e h a v e s e e n , t h e m a i n c o m p u t e r 
is u s e d f o r p r o d u c i n g t h e v e c t o r s f r o m 
a f u n c t i o n w h i c h has b e e n d e f i n e d 
a n a l y t i c a l l y in t h e f o r m of p u n c h e d 
c a r d s ; a n e x i s t i n g f u n c t i o n c a n , 
h o w e v e r , a l s o b e m o d i f i e d a c c o r d i n g 
t o i n s t r u c t i o n s g i v e n b y t h e o p e r a t o r 
f r o m a s p e c i a l c o n s o l e , l i n k e d w i t h a n 
o s c i l l o s c o p e t h a t d i s p l a y s t h e i n p u t 
f u n c t i o n w h i c h t h e o p e r a t o r w i s h e s t o 
m o d i f y , t o g e t h e r w i t h t h e r e p l y f u n c ­
t i o n o f t h e p h y s i c s s y s t e m t o b e 
c o n t r o l l e d . B y t h i s m e a n s t h e o p e r a t o r 
c a n e f f e c t a t o t a l o r p a r t i a l m o d i f i c a ­
t i o n o f t h e f u n c t i o n b e t w e e n t w o 
a c c e l e r a t i o n c y c l e s . 

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

In memory 
of Professor Powell 
On Saturday June 19th, 1971 a gather­

ing of old friends took place on the 

Alpe Giumello, above Lake Como, to 

install a specially made bench in 

memory of Cecil Powell who died 

there nearly two years ago. 

The bench was designed by Bruno 

Munari and was constructed in the 

laboratory of Professor Occhialini in 

Milan. It is situated in a wonderful 

position overlooking the Valsassina 

and Lake Como and was donated by 

a group of scientists to mark their 

affection for their colleague and 

friend. 

The representatives of the Commune 

of Casargo were also there accompa­

nied by a group of young girls in 

their local costumes who presented to 

Mrs. Powell a beautiful! floral tribute 

composed of gentians and edelweiss 

gathered in the surrounding moutains. 
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Around the Laboratories Looking into the compressor of the Dubna 
Electron Ring Accelerator. It was this latest 
version of the compressor which was used for 
the formation of electron rings holding alpha 
particles when the alphas were accelerated to 
an energy of about 7 MeV per nucleon. 

A blown-up photograph of the profile of the 
deuteron beam of momentum 9.4 GeV/c 
accelerated in the Dubna synchrophasotron 
recorded on X-ray film at the point where a 
nuclear emulsion is irradiated. Superimposed is 
picture of an interaction of a deuteron with a 
nucleus of the emulsion. 

(Photos Dubna) 

DUBNA 
Accelerator 
developments 
S o m e m o r e d e t a i l s o n t h e a c c e l e r a t i o n 
of d e u t e r o n s by t h e 10 G e V p r o t o n 
s y n c h r o p h a s o t r o n ( r e p o r t e d in v o l . 10, 
p a g e 386). T h e m a x i m u m m o m e n t u m 
of t h e a c c e l e r a t e d p a r t i c l e s is 
11 G e V / c a n d fas t e j e c t i o n has b e e n 
p e r f o r m e d . O n l y s l i gh t m o d i f i c a t i o n s 
w e r e n e e d e d to t h e e x i s t i n g s y s t e m s 
of t h e s y n c h r o p h a s o t r o n in o r d e r t o 
se t up t h e n e c e s s a r y c o n d i t i o n s f o r 
t h e a c c e l e r a t i o n of d e u t e r o n s . 

A c c e l e r a t i o n w a s c a r r i e d ou t at t h e 
s e c o n d m u l t i p l e of t h e n o r m a l f r e ­
q u e n c y in t h e s y n c h r o p h a s o t r o n i n ­
j e c t o r , w i t h t h e v e l o c i t y of t h e d e u ­
t e r o n s e n t e r i n g a n d l e a v i n g t h e l i nac 
a f a c t o r of t w o l o w e r in c o m p a r i s o n 
w i t h p r o t o n s . A c c e l e r a t i o n in t h e m a i n 
r i n g w a s p e r f o r m e d in t w o p h a s e s : 
f i r s t of a l l , at t h e s e c o n d m u l t i p l e of 
t h e n o r m a l r.f. f r e q u e n c y , a n d t h e n , 
w h e n t h e l im i t of t h e a c c e l e r a t i n g 
s y s t e m had b e e n r e a c h e d , at n o r m a l 
a c c e l e r a t i o n f r e q u e n c i e s in a v i r t u a l l y 
' f l a t - t o p ' m a g n e t i c f i e l d . 

T h e o p e r a t i n g c o n d i t i o n s of t h e p r e -
i n j e c t o r ' s i on s o u r c e w e r e v i r t u a l l y t h e 
s a m e fo r d e u t e r o n s as f o r h y d r o g e n . 
W h e n a d e u t e r o n b e a m w a s f i r s t a c ­
c e l e r a t e d in t h e l i nac , t h e v o l t a g e at 
t h e p r e - i n j e c t o r w a s r e d u c e d by a 
f a c t o r of t w o a n d t h e g a p b e t w e e n 
t h e d r i f t t u b e s n a r r o w e d . In t h e f i r s t 
t w o g a p s , t h e p a r t i c l e s d i d no t r e c e i v e 
an e n e r g y i n c r e m e n t a n d in t h e t h i r d 
a n d f o u r t h g a p s t h e y w e r e b u n c h e d 
b e f o r e e n t e r i n g t h e f i f t h g a p w h e r e 
a c c e l e r a t i o n p r o p e r b e g a n . W h e n t h i s 
h a d b e e n c o r r e c t l y i m p l e m e n t e d it 
a l l o w e d a h i g h e r v o l t a g e at t h e p r e -
i n j e c t o r a n d t h e c u r r e n t of a c c e l e r ­
a t e d d e u t e r o n s w a s i n c r e a s e d by a 
f a c t o r of s ix . Us ing a d e b u n c h e r a t 
t h e o u t p u t e n d of t h e l i nac , t h e 
c a p t u r e of d e u t e r o n s w a s i n c r e a s e d 
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Proton injector for 1 mA and 0.8 MeV 
and prototype cryostat. 

(Photo Karlsruhe) 

b y a f a c t o r o f t w o . T h e p r o p o r t i o n o f 

p a r t i c l e s los t a t t h i s s t a g e w a s 

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

a c c e l e r a t i o n . 

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

a t i o n , t h e m a x i m u m (90-95 % ) p a r t i c l e 

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

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

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

m a g n e t i c f i e l d in t h e ' f l a t - t o p ' m o d e , 

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

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

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

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

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

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

d u c e d b y a f a c t o r o f t w o . In g e n e r a l 

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

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

p h a s e d i d n o t e x c e e d 40 % . 

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

s y s t e m w a s u s e d t o e j e c t t h e d e u t e -

r o n s f r o m t h e a c c e l e r a t o r . S e v e r a l 

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

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

b e e n i r r a d i a t e d in t h e e j e c t e d d e u -

t e r o n b e a m . 

Acceleration of alphas in 

Electron Ring Accelerator 

W e h a v e a l r e a d y r e p o r t e d ( v o l . 1 1 , 

p a g e 50) t h a t V .P . S a r a n t s e v ' s g r o u p 

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

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

c l e s t o a b o u t 7 G e V p e r n u c l e o n 

t o w a r d s t h e e n d o f las t y e a r . T h e 

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

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

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

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

O c t o b e r 1970 a v a c u u m of 3 t o 

5 X 10~ 8 t o r r w a s r e a c h e d . D u r i n g 

N o v e m b e r a n d D e c e m b e r t h e c o m ­

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

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

T h e 100 A , 1.5 M e V e l e c t r o n b e a m 

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

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

f i e l d o n a r a d i u s o f 40 c m . D u r i n g 

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

r a d i u s w a s r e d u c e d t o 6 c m . I o n s 

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

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

t o o k p l a c e a n d t h e r i n g ' s f i n a l c r o s s -

s e c t i o n m e a s u r e d a p p r o x i m a t e l y 2 m m 

d i a m e t e r . 

In o r d e r t o e j e c t t h e r i n g f r o m t h e 

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

d i s t o r t e d . B o o s t e r c o i l s w e r e s h u n t e d 

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

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

t h e a x i s w h i c h se t u p t h e n e c e s s a r y 

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

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

b e e n s e p a r a t e d ou t , t h e b e a m o f 

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

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

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

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

2 9 C u 6 3 + 2 H e 4 - > 3 i G a 6 6 + on 1 

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

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

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

a n d f i v e a l u m i n i u m f o i l s . A n e x a m i ­

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

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

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

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

a l p h a - p a r t i c l e s o f e n e r g y 2 9 ± 6 M e V . 

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

i s o t o p e s G a 6 5 a n d G a 6 8 , c o u l d b e 

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

by t h e s u b s t a n t i a l d i f f e r e n c e s in ha l f -

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

(yn) w a s n e g l i g i b l e . T h e i n t e n s i t y o f 

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

m a t e d in t e r m s of t h e v a l u e o f t h e 

p e a k s in t h e g a m m a s p e c t r u m a n d 

w a s 3 t o 5 X 1 0 9 p a r t i c l e s f o r t h e 

v a r i o u s r u n s . 

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

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

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

i o n m e t h o d . 

KARLSRUHE 
Superconductivity 
in r.f. structures 
W o r k is in p r o g r e s s at K a r l s r u h e o n 

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

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

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

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

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

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

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

in a n r.f. s e p a r a t o r . 

1) T h e s m a l l l i n a c is a p i l o t s t u d y f o r 

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

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

o f 60 M e V w i t h a c o n t i n u o u s c u r r e n t 

o f 1 m A u s i n g t h r e e s t a g e a c c e l e r ­

a t i o n — a c o n v e n t i o n a l 0.8 M e V C o c k -

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

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

t h e e n e r g y t o 15 M e V ( a l l o w i n g m o r e 

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

a c c e l e r a t e d t h a n in a d r i f t - t u b e 

s t r u c t u r e ) , a n d a d r i f t - t u b e s e c t i o n 

t a k i n g t h e e n e r g y t o 60 M e V . 

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

w o u l d p r o v i d e no t o n l y h i g h e r d e f l e c t ­

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

t h a n c o n v e n t i o n a l r.f. s e p a r a t o r s . If 
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An artists' drawing of how a superconducting 
power supply for a synchrotron, such as is 
being studied at Rutherford, might look. The 
scale of this particular supply is such as would 
be appropriate for a 100 MJ energy storage and 
transfer system. 

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

m a y b e bu i l t f o r u s e a t t h e C E R N 

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

i n g a v a i l a b l e in 1973. 

H o w e v e r b e f o r e m o v i n g t o t h e 

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

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

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

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

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

u p t o h i g h f i e l d l eve l s . 

T h e p i o n e e r i n g w o r k at S t a n f o r d 

( H E P L ) h a s s h o w n t h a t in s e a l e d - o f f 

X - b a n d tes t c a v i t i e s , v e r y l o w s u r f a c e 

r e s i s t a n c e s (1CT8 t o 1CT 9 Q) c a n b e 

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

900 G (1080 G w a s o b t a i n e d o n c e ) . 

T h e s e t es t c a v i t i e s w e r e t r e a t e d in a n 

u l t r a h i g h v a c u u m ( U H V ) f u r n a c e a t 

a b o u t 2300° K a n d 10~ 9 t o r r . B u t l o w e r 

f r e q u e n c y c a v i t i e s a n d f u l l s i z e a c ­

c e l e r a t o r c a v i t i e s t r e a t e d in t h e s a m e 

w a y h a v e s o f a r a l w a y s s h o w e d f i e l d 

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

l e v e l s — of t h e o r d e r of 200 t o 400 G 

( see t h e i n f o r m a t i o n o n I l l i no i s , f o r 

e x a m p l e , in t h e M a y i ssue p a g e 136). 

B e c a u s e t h e i n s t a l l a t i o n o f a n U H V 

f u r n a c e at K a r l s r u h e has b e e n 

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

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

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

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

F i rs t t h e s u r f a c e s w e r e e l e c t r o -

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

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

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

c o u r a g i n g . 

In a s e c o n d s t e p t h e n i o b i u m w a s 

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

t o t h o s e a c h i e v e d w i t h U H V f u r n a c e 

t r e a t m e n t c o u l d b e o b t a i n e d . A h e l i x -

l o a d e d r e s o n a t o r a t as l o w a f r e ­

q u e n c y as 90 M H z w a s o p e r a t e d 

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

w i t h a s u r f a c e r e s i s t a n c e of 7 X 10~ 8 Q 

at a m a g n e t i c p e a k f i e l d of 500 G in 

s t e a d y s t a t e a n d u p t o 700 G o v e r 

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

t o a n a c c e l e r a t i n g f i e l d of 1 . 2 M V / m 

o n t h e a x i s , w h i c h is in e x c e s s of t h e 

d e s i g n v a l u e of 1 M V / m f o r t h e l o w 

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

a c c e l e r a t o r . 

In o r d e r t o m a k e p o s s i b l e a d i r e c t 

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

S - b a n d (2 t o 4 G H z ) a n d X - b a n d 

(9 G H z ) c a v i t i e s , m e a s u r e m e n t s w e r e 

a l s o c a r r i e d o u t w i t h a T M - r e s o n a t o r 

a t 2.6 G H z . It w a s e l e c t r o p o l i s h e d , 

h y d r o g e n o u t g a s s e d (at a t e m p e r a t u r e 

of a b o u t 1200° K i a n d p r e s s u r e o f a b o u t 

10~ 4 t o r r ) a n d s u b s e q u e n t l y a n o d i z e d . 

T h e m a x i m u m m a g n e t i c p e a k f i e l d in 

d i f f e r e n t e x p e r i m e n t s w a s 325 G , t h e 

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

5 . 1 0 _ 8 Q . T h e s e r e s u l t s a r e d i r e c t l y 

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

o u t g a s s e d in a U H V f u r n a c e . 

S o f a r in a s i x - c e l l r.f. s e p a r a t o r 

s t r u c t u r e at 2.9 G H z , w h i c h w a s 

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

at 1800° K a n d 10~ 5 t o r r , a s u r f a c e 

r e s i s t a n c e of 3 . 1 0 " 7 Q at a p e a k f i e l d 

of 220 G h a s b e e n o b t a i n e d . T h i s 
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One possible arrangement of the three super­
conducting spheres so as to achieve the desired 
current cycles in the synchrotron. The outer 
sphere (1) is the 'field coil' within which move 
the energy store (3) and the energy transfer 
coil (2) coupled in such a way that the currents 
i2 and i3 vary as the cosine and sine transfering 
energy from the store to the synchrotron. The 
superconducting transformer is indicated on the 
right. 

w o u l d c o r r e s p o n d t o a n e q u i v a l e n t 
d e f l e c t i n g f i e l d o f 1.4 M V / m a n d a 
t o t a l l oss of 2 0 W in a 3 m p r a c t i c a l 
s e p a r a t o r s t r u c t u r e . 

RUTHERFORD 
Superconducting 
power supply 
In t h e s t u d i e s o n s u p e r c o n d u c t i n g 
s y n c h r o t r o n s , it is a p p r e c i a t e d as a 
m a j o r d i f f i c u l t y t h a t t h e a m o u n t o f 
e n e r g y w h i c h w i l l h a v e to f l o w 
b e t w e e n t h e s u p e r c o n d u c t i n g m a g n e t s 
a n d t h e e n e r g y s t o r e is v e r y h i g h . 
F o r a 1000 G e V m a c h i n e it is l i k e l y 
t o be s e v e r a l h u n d r e d s o f m e g a j o u l e s , 
a g o o d o r d e r o f m a g n i t u d e h i g h e r t h a n 
t h e q u a n t i t i e s w e a r e a c c u s t o m e d t o 
h a n d l i n g in p r e s e n t c o n v e n t i o n a l s y n ­
c h r o t r o n s . T h e d i f f i c u l t y r es t s , h o w ­
ever , n o t so m u c h in t h e q u a n t i t y as 
in t h e ra te of t r a n s f e r w h e r e p e a k 
p o w e r s , g i v e n s a y a 5 s r i se t i m e f o r 
t h e m a g n e t i c f i e l d , c o u l d r e a c h 
s e v e r a l h u n d r e d m e g a w a t t s . E x t e n s i o n 
o f c o n v e n t i o n a l p o w e r s u p p l y t e c h ­
n i q u e s (e i t he r m o t o r - g e n e r a t o r s o r 
s t a t i c c o m p e n s a t o r s y s t e m s ) c o u l d 
p r o b a b l y m e e t t h e r e q u i r e m e n t s u s i n g 
t h e b r u t e f o r c e a p p r o a c h . A c o n ­
s i d e r a b l y m o r e s u b t l e a p p r o a c h is 
b e i n g t r i e d a t t h e R u t h e r f o r d L a b o r a ­
t o r y . 

T h e i d e a c a m e f r o m P.F. S m i t h a n d 
has b e e n d e v e l o p e d i n t o a p r a c t i c a l 
s c h e m e t o g e t h e r w i t h J .D . L e w i n . It 
c a r r i e s s u p e r c o n d u c t i v i t y a l l t h e w a y 
in u s i n g a s u p e r c o n d u c t i n g e n e r g y 
s t o r e , t r a n s f e r s y s t e m a n d t r a n s f o r m e r 
in t h e f e e d i n g of t h e m a g n e t s . 

A n a r t i s t ' s d r a w i n g o f h o w a 100 M J 
s u p e r c o n d u c t i n g p o w e r s u p p l y c o u l d 
l o o k is s h o w n in t h e p h o t o g r a p h . T h e 
e n e r g y s t o r e a n d t r a n s f e r s y s t e m is 
o n t h e lef t a n d c o n s i s t s of t h r e e 
s u p e r c o n d u c t i n g c o i l s w o u n d a p p r o x i ­
m a t e l y s p h e r i c a l l y . 

W h a t h a p p e n s e l e c t r i c a l l y c a n pe r ­
h a p s b e bes t u n d e r s t o o d by c o n s u l t ­

i n g t h e s i m p l i f i e d c i r c u i t d i a g r a m . T h e 
d i a g r a m i l l u s t r a t e s t h e s i t u a t i o n w h e n 
t h e o u t e r c o i l is f i x e d a n d is w o u n d 
s o t h a t c u r r e n t f l o w s p e r p e n d i c u l a r 
t o t h a t in t h e t w o i n n e r c o i l s . It 
p r o v i d e s a f i x e d f i e l d in w h i c h t h e 
i n n e r c o i l s c a n m o v e . T h e t w o i n n e r 
c o i l s a r e m e c h a n i c a l l y f a s t e n e d 
t o g e t h e r w i t h t h e i r m a g n e t i c a x e s at 
90° f r o m o n e a n o t h e r . T h e c o i l o f 
s m a l l e s t r a d i u s a c t s as t h e e n e r g y 
s t o r e ; t h e c e n t r a l c o i l a c t s as t h e 
e n e r g y t r a n s f e r c o i l f r o m w h i c h c u r ­
r e n t f l o w s o u t t o w a r d s t h e s u p e r ­
c o n d u c t i n g s y n c h r o t r o n m a g n e t s . T h e 
i n n e r c o i l s c a n be t u r n e d t h r o u g h 
180°, s t o p p e d a t a n y p o i n t a n d t h e 
m o t i o n is r e v e r s i b l e . 

W h e n w e c o n s i d e r t h e m o v e m e n t 
o f t h e i n n e r c o i l s t h r o u g h a n a n g l e 
B, w e c a n s h o w tha t , if w e h a v e 
e s t a b l i s h e d t h e a p p r o p r i a t e m a g n e t i c 
s y m m e t r y , t h e m u t u a l i n d u c t a n c e 
b e t w e e n t h e f i x e d c o i l a n d t h e e n e r g y 
s t o r e c o i l w i l l v a r y as s i n @ w h i l e 

t h a t b e t w e e n t h e f i x e d c o i l a n d t h e 
e n e r g y t r a n s f e r c o i l v a r i e s as c o s ©. 
T h e c u r r e n t s in t h e t w o i n n e r c o i l s 
t h e n a l s o v a r y as c o s i n e a n d s i n e . 
S w i n g i n g t h e i n n e r s p h e r e s t h r o u g h 
90° w i l l t a k e a c u r r e n t f r o m z e r o t o 
i ts p e a k v a l u e (o r v i c e - v e r s a ) t h u s 
t r a n s f e r i n g a l l t h e e n e r g y . S t o p p i n g 
t h e m o t i o n a n d r e v e r s i n g t h e m o t i o n 
w i l l e n s u r e f l a t - t o p s ( a n d i n j e c t i o n 
p l a t f o r m s ) a n d d e c a y of t h e c u r r e n t 
in t h e e n e r g y t r a n s f e r c o i l , w h i c h w i l l 
p r o v i d e t h e s o r t of s y n c h r o t r o n 
m a g n e t p o w e r i n g c y c l e t o w h i c h w e 
a r e a c c u s t o m e d . 

W h e n a s u p e r c o n d u c t i n g t r a n s ­
f o r m e r is a t t a c h e d t o t h e e n e r g y 
t r a n s f e r c o i l it a c t s as a b i a s i n g d e v i c e 
— t h e m o v e m e n t o f t h e i n n e r c o i l c a n 
b e i n c r e a s e d t o 180° a n d t h e e n e r g y 
n e e d e d in t h e o u t e r c o i l c a n be h a l v e d 
w h i l e s t i l l e n s u r i n g t h a t t h e s a m e 
a m o u n t o f e n e r g y is f e d t o w a r d s t h e 
s u p e r c o n d u c t i n g s y n c h r o t r o n m a g ­
n e t s . O t h e r a d v a n t a g e s in u s i n g a 
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The small room temperature analogue model 
with which many of the features of a super­
conducting power supply can be demonstrated. 
This model, simulating power supply behaviour 
and yielding synchrotron-like current cycles, has 
been in action for several months. 

(Photos Rutherford) 

t r a n s f o r m e r a re tha t d i f fe ren t c u r r e n t s 
a n d vo l t ages can be s e l e c t e d fo r t he 
s y n c h r o t r o n as o p p o s e d to t h e p o w e r 
supp ly , and tha t sepa ra te w i n d i n g s 
c a n tap off d i f fe ren t cu r ren t s fo r the 
b e n d i n g magne ts , f o c u s i n g m a g n e t s 
a n d c o r r e c t i o n magne ts . 

T h e a r r a n g e m e n t of t he co i l s w h i c h 
is cu r ren t l y p re fe r red is an ins ide ou t 
v e r s i o n of t he o n e d e s c r i b e d above — 
t h e f ie ld co i l be ing on the ins ide and 
the ene rgy s to re on the ou t s i de . On ly 
t he cen t ra l c o i l , fo r the e n e r g y t r ans ­
fer , need t hen move . The resu l t is the 
s a m e as in the a r r a n g e m e n t d e s c r i b e d 
above w h i c h is s imp le r to u n d e r s t a n d . 

W i t h a c o m p l e t e l y s u p e r c o n d u c t i n g 
sys tem the re w i l l be no e n e r g y loss 
w h i l e al l t he e n e r g y t rans fe rs a re 
g o i n g o n . In p rac t i ce pe rhaps a loss 
of t he o r d e r of 0.01 % w o u l d be 
e n c o u n t e r e d p robab l y necess i t a t i ng 
on ly i n te rm i t ten t t o p p i n g up of the 
to ta l energy . T h e s ize of a s i ng le 
sys tem for 1000 MJ is e s t i m a t e d as 
a b o u t 7 m d iame te r fo r t he ou te r co i l . 
It may howeve r be p re fe rab le to have 
severa l sma l le r un i ts of say 1 0 0 M J 
w i t h a 3 m d i a m e t e r ' o u t e r co i l o r m a n y 
m u c h sma l le r un i ts s w i t c h e d in suc ­
c e s s i o n to severa l t r a n s f o r m e r s 
( t hough t he re may be t r i c k y s w i t c h i n g 
p r o b l e m s ) . 

So far, so g o o d ... on paper ... but 
t he nove l ty of th is i dea obv ious l y 
requ i res t h o r o u g h t heo re t i ca l and 
p rac t i ca l e x a m i n a t i o n be fo re it can 
be f a c e d on a la rge sca le fo r i n c o r p o ­
ra t ion in an ac tua l m a c h i n e . T h e r e 
have a l ready been t heo re t i ca l s tud ies 
of s t resses in the sys tem, of d y n a m i c 
behav iou r (where the use of c o n t r o l 
i n d u c t o r s to c o r r e c t fo r m a g n e t i c 
a s y m m e t r i e s has been ana lysed ) , of 
co i l t o p o l o g y , of losses a n d the i r 
r ep l en i shmen t . 

T h e e m p h a s i s has n o w m o v e d to 
p rac t i ca l tes ts beg inn i ng w i t h a r o o m 
t e m p e r a t u r e a n a l o g u e m o d e l . Th is is 
based on the same p r i n c i p l e as t he 
Edgar i n teg ra to r (used in t h e m e a s u r e ­

men t of m a g n e t i c f ie lds) w h e r e the 
c i r cu i t ho lds cons tan t t he f lux t h r o u g h 
a s e a r c h co i l and the s e c o n d a r y 
w i n d i n g of a mu tua l i n d u c t a n c e 
(s imu la t i ng t he cons tan t f lux c o n d i t i o n 
in the s u p e r c o n d u c t i n g powe r supp ly ) . 
By w i n d i n g e a c h co i l of the a n a l o g u e 
m o d e l of mu l t i s t r and cab le w i t h s o m e 
s t r ands m o n i t o r i n g the f lux t h r o u g h 
the c o i l , t he c i r cu i t s can be a r r a n g e d 
to s imu la te the s u p e r c o n d u c t i n g 
e n e r g y t rans fe r sys tem. 

Th is r o o m t e m p e r a t u r e m o d e l has 
been in o p e r a t i o n for severa l m o n t h s 
and d e m o n s t r a t e s how cu r ren t cyc les 
s u c h as are used in s u p e r c o n d u c t i n g 
m a g n e t s can be ob ta i ned . The next 
s tep is to repea t the exe rc i se w i t h a 
sma l l s u p e r c o n d u c t i n g mode l w h i c h 
is s c h e d u l e d t o be in ac t i on ea r l y 
next year . 

CAMBRIDGE 
Quality beams in Bypass 
W o r k t o w a r d s e l ec t r on -pos i t r on c o l l i ­
d i n g b e a m phys i cs at the C a m b r i d g e 
E lec t ron A c c e l e r a t o r is c o n c e n t r a t i n g 
o n s tud ies of the e l ec t ron and pos i ­
t r o n beams i n j ec ted in to the s y n c h r o ­
t r o n r ing so as to imp rove the i r i n ten ­
s i t ies and qua l i t i es to the necessa ry 
levels. 

A n e l e c t r o n cu r ren t of up to t he 
d e s i g n peak va lue (100 mA) has been 
a c h i e v e d and it has been s h o w n tha t 
b e a m s (of l owe r in tensi ty) a re p r o ­
per ly l oca ted and are c lose to an t i c i ­
pa ted he igh t as they pass t h r o u g h the 
i n te rac t i on r eg i on . 

T h e CEA Bypass s c h e m e w a s des ­
c r i b e d in vo l . 6 page 218. It invo lves 
t he add i t i on of a l oop to the e l e c t r o n 
s y n c h r o t r o n w i t h i n w h i c h in tense e lec ­
t r o n and pos i t r on beams , a c c e l e r a t e d 
and s t o r e d o r b i t i n g in oppos i t e d i rec ­
t i ons in the s y n c h r o t r o n , are f o c u s e d 
to an e s p e c i a l l y sma l l c ross - sec t i on 
and c o l l i d e d . T h e des ign a ims are 
a b o u t 100 m A peak cu r ren t at ener -

g ies b e t w e e n 1 a n d 3.5 GeV co l l i d i ng 
in t he i n te rac t i on reg ion w i t h a l um i ­
nos i ty of 1 0 3 1 c m - 2 s " 1 . 

I m p r o v e m e n t s of b e a m in tens i ty 
c a m e f r o m a s tudy of ins tab i l i t ies 
a s s o c i a t e d w i t h c o h e r e n t s y n c h r o t r o n 
osc i l l a t i ons . Prev ious ly , c o h e r e n t be ta ­
t r o n osc i l l a t i ons had been mas te red 
us ing new ly ins ta l led sex tupo le m a ­
gne ts and w e r e no longer l im i t i ng 
b e a m cu r ren t . In t a c k l i n g the s y n c h r o ­
t r o n osc i l l a t i ons it w a s s u s p e c t e d tha t 
t he in tense b e a m s w e r e i n d u c i n g v o l ­
t ages in the r.f. cav i t i es h igh e n o u g h 
to p r o v o k e b e a m loss. T h e f i rs t d o d g e 
t he re fo re w a s to ad jus t the cav i ty 
t une rs so tha t t he ' na tu ra l ' f r e ­
q u e n c y of t he cav i t i es moved c o m f o r t ­
ab l y a w a y f r o m t h e f r e q u e n c y of t he 
r.f. (475.725 M H 2 c o m p a r e d w i t h the 
a p p l i e d 475.790 M H 2 ) . Th is i m m e d i ­
a te ly m a d e it poss i b l e t o a c c u m u l a t e a 
sausage of e l e c t r o n s of 100 m A peak 
cu r ren t (10 m A average) . O p e r a t i o n 
in th is w a y w a s s i m p l e and re l iab le . 
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F u r t h e r m a n o e u v r e s t o t h e s a m e e n d 
( a i m i n g t o r e d u c e t h e i n d u c e d v o l ­
t a g e by r e d u c i n g t h e s h u n t i m p e d a n c e 
s e e n by t h e b e a m by p o w e r i n g o n l y 
o n e o r t w o of t h e s i x t e e n c a v i t i e s a n d 
d i s c o n n e c t i n g t h e o t h e r s ) a r e n o w 
u n d e r s t u d y . 

W i t h b e a m s o r b i t i n g t h r o u g h t h e 
B y p a s s , t h e i r g e o m e t r y a t t h e i n t e r a c ­
t i o n p o i n t w a s i n v e s t i g a t e d by r a p i d l y 
m o v i n g a t h i n (1 t o 5 \±m d i a m e t e r ) 
h o r i z o n t a l f i b r e m a d e o f s i l i c a a n d 
c a r b o n t h r o u g h t h e b e a m r e g i o n a n d 
o b s e r v i n g t h e r e s u l t i n g b r e m s s t r a h -
l u n g as p a r t i c l e s h i t t h e f i b r e . 
T h e s y s t e m w a s in f a c t m o r e s e n s i ­
t i ve b y a b o u t a n o r d e r o f m a g n i t u d e 
t h a n b y o b s e r v i n g s y n c h r o t r o n r a d i ­
a t i o n 

W h e n t h e c o n t r o l s w e r e se t t o a v o i d 
t h e s e r e s o n a n c e s a n d w i t h a s i n g l e 
b e a m in o r b i t ( i n t e n s i t y l ess t h a n 
5 m A a v e r a g e ) t h e F W H H h e i g h t o f t h e 
b e a m w a s less t h a n 0.06 m m w h i c h 
is c l o s e t o t h e e x p e c t e d v a l u e . T h e 
p r e c i s e v a l u e c o u l d n o t b e f o u n d 
b e c a u s e o f t h e a p p r e c i a b l e d i a m e t e r 
o f t h e f i b r e a n d b e c a u s e t h e p a s s a g e 
o f t h e f i b r e t h r o u g h t h e b e a m ( t a k i n g 
a b o u t 0.1 m s , c o r r e s p o n d i n g t o 140 
r e v o l u t i o n s o f t h e b e a m ) i n t r o d u c e d 
s o m e . s c a t t e r i n g i tse l f . 

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

BATAVIA. 
Longest June on record 
W i t h o n l y t h e m e r e s t a d j u s t m e n t of 
t h e C a l e n d a r , t o s h o w t h a t n o t h i n g is 
i m p o s s i b l e if y o u r e a l l y t r y , a f i r s t 
b e a m w a s c i r c u l a t e d in t h e m a i n r i n g 
o f t h e N A L a c c e l e r a t o r b e f o r e J u l y 
o f f i c i a l l y d a w n e d ( i n I l l i n o i s ) . It w a s 
6.40 a .m . o n ' J u n e 3 1 ' t h a t w i t h a 7 G e V 
i n j e c t i o n f r o m t h e b o o s t e r w h i c h is 
b e h a v i n g w e l l , t h e f i r s t t u r n w a s 
o b s e r v e d . A l t h o u g h l o s s e s w e r e h i g h 
t h e y c o u l d b e e x p l a i n e d b y a k i n k in 
t h e v a c u u m v e s s e l a n d a p o o r 
v a c u u m . E i g h t t u r n s w e r e o b t a i n e d 
t h e n e x t d a y . W a t e r h a s b e e n a 
t r o u b l e s o m e i n t e r l o p e r in t h e m a i n 
r i n g m a g n e t s a n d t h e y w i l l b e s u c ­
c e s s i v e l y w i t h d r a w n a n d v a c u u m 
i m p r e g n a t e d w i t h e p o x y . T h e c o o k i n g 
o p e r a t i o n u s e d t o d r y o u t t h e t u n n e l 
h a s i m p r o v e d t h e m a g n e t i n s u l a t i o n 
b u t no t t h e c a b l i n g it s e e m s . 

Pour 
yourself 
a 

scintillator 
From Pilot Chemica ls . . „ your cho ice of l iquid 
scinti l lators for a b r o a d r a n g e of research n e e d s 

• Mineral-oil based liquid scintillator for 
very large volume detectors 
Safe ~~ high chemical stability, low fire hazard, 
low toxicity, compatible with Plexiglas 
Excellent light transmission 
Low cost 
Stable - consistent ionp-term counting efficiency 

• Gadolinium-loaded liquid scintillator 
for neutron detection 
High efficiency 
Low cost 

• Specialized liquid scintillators 
Custom-compounded to meet specific requirements 

S e n d for d a t a on t h e s e 
a n d other super ior 
Pilot scinti l lators 

New England Nuclear 
Pilot Chemicals Division 

In E u r o p e : N E N C h e m i c a l s G m b H 

8 0 7 2 D r e i e h s h e n h a m b e i F r a n k f u r t / M , , 
S i e r r n m s s t r a s s e 1, P o s t f a c h 7 1 . G e r m a n y 
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Tips + T o p i c s 

Now! C O S / M O S goes compatible 
with DTL and TTL interfacig 

T Y P E 

G a t e s 
C D 4 0 0 0 A E 

C D 4 0 0 1 A E 
C D 4 0 0 2 A E 
C D 4 0 0 7 A E 

C D 4 0 1 1 A E 
C D 4 0 1 2 A E 
C D 4 0 2 3 A E 
C D 4 0 1 9 A E 

F l i p - F l o p s 
C D 4 0 1 3 A E 

TA5872 

D E S C R I P T I O N 

D u a l 3 - i n p u t N O R 
p l u s i n v e r t e r 
Q u a d 2 - i n p u t N O R 
D u a l 4 - i n p u t N O R 
D u a l c o m p l e m e n t a r y p a i r 
p lus inver te r 
Q u a d 2 - i n p u t N A N D 
D u a l 4 - i n p u t N A N D 
T r i p l e 3 - i n p u t N A N D 
Q u a d A N D - O R s e l e c t g a t e 

D u a l «D» w i t h s e t / r e s e t 
c a p a b i l i t y 
D u a l «J-K» w i t h s e t / r e s e t 
c a p a b i l i t y 

H e x B u f f e r s / L o g i c - L e v e l C o n v e r t e r s 
C D 4 0 0 9 A E I n v e r t i n g 
C D 4 0 1 0 A E N o n - i n v e r t i n g 

M u l t i p l e x e r 
C D 4 0 1 6 A E Q u a d b i l a t e r a l s w i t c h 

S t a t i c - S h i f t R e g i s t e r s — M S I 
C D 4 0 0 6 A F 1 8 - s t a g e r e g i s t e r 
C D 4 0 1 4 A E 8 - s t a g e s y n c h r o n o u s 

p a r a l l e l o r s e r i a l - i n p u t / 
s e r i a l - o u t p u t 

C D 4 0 1 5 A E D u a l 4 - s t a g e s e r i a l -
i n p u t / p a r a l l e l - o u t p u t 

C D 4 0 2 1 A E 8 - s t a g e a s y n c h r . P a r a l l e l 
i n / s e r i a l - o u t p u t 

T o p P e r f o r m a n c e 
F e a t u r e s 

9 low p o w e r — 
0 w i d e v o l t a g e r a n g e 

3 t o 15 v o l t s 
# h i g h n o i s e i m m u n i t y 

t y p . 45 % of s u p p l y v o l t a g e 
6 h i g h s p e e d — 

t o 10 M H z 
# h i g h f a n o u t 

> 5 0 
£ l o g i c c o m p a t i b i l i t y 

T 2 L & D T L i n t e r f a c i n g 

£ i n p u t s fu l l y p r o t e c t e d 
0 h i g h i n p u t i m p e d a n c e — 
% c l o c k v o l t a g e = s u p p l y 

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

p e r a t u r e r a n g e — c e r a m i c 
—55°C to + 125°C 
p l a s t i c 
—40°C to + 85°C 

C o u n t e r s — M S I 
C D 4 0 0 4 A E 7 - s t a g e r i p p l e c o u n t e r / 

f r e q u e n c y d i v i d e r 
C D 4 0 1 7 A E D e c a d e c o u n t e r / d i v i d e r 

w i t h 10 d e c o d e d o u t p u t s 
C D 4 0 1 8 A E P r e s e t t a b l e d i v i d e - b y 

«N» c o u n t e r 
C D 4 0 2 0 A E 1 4 - s t a g e r i p p l e - c a r r y 

b i n a r y c o u n t e r / d i v i d e r 
C D 4 0 2 2 A E D i v i d e - b y 3 c o u n t e r / 

d i v i d e w i t h 8 d e c o d e d 
o u t p u t s 

A d d e r — M S I 
C D 4 0 0 8 A E 4 -b i t b i n a r y f u l l - a d d e r 

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

P . O . B o x 485, 8021 Z u r i c h , T e l . (01) 42 9 9 00 baerlocher 



Brandenburg 
high voltage engineers 

V& desired the472R 
to a specification 
exactly suited to 
the photomultiplier user 
-ana the price added 
down to only £144-00 
The 472R is selling on quality, reliability and performance; the 
unexpectedly low price is a bonus resulting from exact fitness to 
purpose and the Brandenburg policy of 'production orientation'; 
we even make our own HV plugs and sockets and mould our 
own thermo-plastic components. 
Look at that economically designed control panel; just turn a 
knob and push an adjacent button and you have the output 
voltage you want, at very high stability. Exclusive all solid state 
circuitry and patented automatically regulated transformer. 
Ask for the 472R data sheet. 

Output Voltage 
Output Current 
Ripple 
Stability 
Drift 

Polarity 

100-2100 Volts DC 
5mA Max. 
1 mV peak to peak 
1 part in 10 4 against ± 7 
5 parts in 10 5 per hour 
1 part in 10 4 per day 
Push-button reversal 

2 / 0 mains change 

Apart from the 472R, Brandenburg make 
high voltage stabilised power supplies for 
any application requiring up to 100kV. 
Let us know your's. 

Brandenburg Limited 
939 London Road, Thornton Heath, 
Surrey, CR4 6JE. Tel: 01 - 689 0441 
Sole Agents : 
Sw/tzer/and: Fritz W e b e r , In der R e h w e i d 8 , 
8 1 2 2 Pfa f fhausen, Zur ich . 
Te le fon: 0 5 1 - 8 5 4 4 4 4 . 
Germany: M a u l e r - N u k l e o n i k G m b H , 
5 6 5 So l ingen 1 , Post fach 1 0 1 2 8 8 , 
Te le fon : ( 0 2 1 2 2 ) - 2 5 6 8 2 . 

Overseas enquiries welcome. J 


