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Cover photograph : Intersection region 1-8 of the ISR where a collaboration of 
scientists from Pisa (Italy) and Stony Brook (USA) will measure the total 
cross-section of the proton-proton interaction. Their detection system consists 
principally of a large array of counters (appearing as large black discs in the 
photograph) around the beam-pipes. (CERN 306.8.71) 
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Experiments at the ISR 
A run-through of the present and near future 
experimental programme at the Intersecting 
Storage Rings. 

Intersection region 1-1 where, to the right, can be 
seen the detection system of the Saclay, 
Strasbourg collaboration which records gammas 
and electrons produced in the decay of particles 
which emerge from the collisions. 

T h e c h a n c e to s e e w h a t h a p p e n s at 
t h e n e w r a n g e of e n e r g i e s a v a i l a b l e 
w h e n p r o t o n b e a m s a r e f i r e d at o n e 
a n o t h e r in t h e ISR has g i v e n a n e w 
l ease of l i fe t o t h e 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 in E u r o p e . W i t h 
e n e r g i e s in e x c e s s o f w h a t c o u l d b e 
a c h i e v e d at a 1000 G e V c o n v e n t i o n ­
a l s y n c h r o t r o n n o w at o u r f i n g e r t i p s 
t h e r e has b e e n f e v e r i s h a c t i v i t y t o 
m o u n t e x p e r i m e n t s , w h i c h a r e l i ke l y 
t o te l l us no t o n l y s o m e t h i n g n e w 
( p r a c t i c a l l y a l l e x p e r i m e n t s a i m t o te l l 
us s o m e t h i n g n e w ) b u t s o m e t h i n g 
d i f f e r e n t . T h i s 1 s o m e t h i n g d i f f e r e n t ' 
m i g h t p r o v i d e us w i t h c l u e s t o h e l p 
s o r t o u t t h e m o r a s s o f i n f o r m a t i o n 
a b o u t p a r t i c l e b e h a v i o u r t h a t w e h a v e 
g a t h e r e d o v e r t h e p a s t t e n y e a r s . 

T w e l v e e x p e r i m e n t s h a v e b e e n 
' a p p r o v e d ' f o r t h e ISR p r o g r a m m e 
i n v o l v i n g s o m e 200 p h y s i c i s t s (no t 
c o u n t i n g t h e m a n p o w e r r e q u i r e d f o r 
d a t a h a n d l i n g ) . S e v e n a r e i n s t a l l e d at 
t h e m a c h i n e a n d t a k i n g d a t a a n d f o u r 
have a l r e a d y g i v e n r e s u l t s . W e w i l l 
m o v e a r o u n d t h e ISR t u n n e l l o o k i n g 
at t h e i n t e r s e c t i o n r e g i o n s in s e ­
q u e n c e a n d s a y i n g a l i t t l e a b o u t e a c h 
e x p e r i m e n t b e f o r e c o m i n g b a c k t o 
g i v e s o m e m o r e d e t a i l o n t h e i n ­
f o r m a t i o n a l r e a d y g a t h e r e d . 

Intersection 1-1 

Experiment R 101 : A B o m b a y , B u c h a ­
res t , C E R N , C r a c o w c o l l a b o r a t i o n u s e d 
n u c l e a r e m u l s i o n s t o m e a s u r e t h e 
a n g u l a r a n d m o m e n t u m d i s t r i b u t i o n of 
p a r t i c l e s f l y i n g o u t f r o m t h e p r o t o n -
p r o t o n i n t e r a c t i o n s . E m u l s i o n s h a v e 
b e e n e x p o s e d o v e r t h e a n g u l a r r a n g e 
35 t o 90° a n d s o m e r e s u l t s a r e b e i n g 
p u b l i s h e d . T h e s t u d y is c o n t i n u i n g 
l o o k i n g f o r s u c h t h i n g s as g a m m a s 
f r o m n e u t r a l p i o n s , s l o w a n t i p r o t o n s , 
e t c . T h e i n v e s t i g a t i o n s a r e of a t y p e 
p a r t i c u l a r l y s u i t e d t o e m u l s i o n s o r 
w h e r e e m u l s i o n s c a n g i v e a q u i c k e r 
l o o k t h a n o t h e r t e c h n i q u e s . 
Experiment R102 : A S a c l a y , S t r a s ­
b o u r g c o l l a b o r a t i o n a r e c a t c h i n g 
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g a m m a s a n d e l e c t r o n s w h i c h e m e r g e 
f r o m t h e i n t e r a c t i o n s w i t h l a r g e t r a n s ­
v e r s e m o m e n t a . T h e y h a v e a l a r g e 
a p e r t u r e m a g n e t , a g a s c o u n t e r a n d 
w i r e c h a m b e r s t o h e l p d i s t i n g u i s h 
b e t w e e n p a r t i c l e s f o l l o w e d by a s h o w ­
e r c h a m b e r ( o p t i c a l s p a r k c h a m b e r s 
i n t e r s p e r s e d w i t h l ead p la tes ) w h i c h 
' s e e s ' t h e g a m m a s a n d e l e c t r o n s . 
T h e s e c o u l d c o m e f r o m t h e d e c a y s 
o f p i o n s a n d k a o n s bu t a l s o f r o m t h e 
d e c a y of t h e p o s t u l a t e d i n t e r m e d i a t e 
v e c t o r b o s o n (W) f o r e x a m p l e : 

W 
± 

- e + v. 
T h e y a r e a l s o l o o k i n g f o r a n o t h e r 

t y p e of p o s t u l a t e d p a r t i c l e , t h e q u a r k , 
v i a t h e i r t e l l - t a l e f r a c t i o n a l c h a r g e s . 
A CM 9010 c o m p u t e r is o n - l i n e . 
Experiment R 103 : A C E R N , C o l u m ­
b i a , R o c k e f e l l e r c o l l a b o r a t i o n a r e 
h a v i n g t h e i r e q u i p m e n t i n s t a l l e d as 
R 1 0 1 is c o m p l e t e d a n d w i l l t a k e d a t a 
a l t e r n a t i n g w i t h R 1 0 2 . T h e y w i l l u s e 
w i r e c h a m b e r s a n d l e a d g l a s s C h e -

r e n k o v c o u n t e r s in a s e a r c h f o r m a s ­
s i v e p a r t i c l e s w h i c h d i v i d e in to e l e c ­
t r o n p a i r s o f h i g h m o m e n t u m . A n 
H P 2116 B c o m p u t e r w i l l b e o n - l i n e . 

Intersection 1-2 

Experiment R201 : A C E R N , F O M , 
L a n c a s t e r , M a n c h e s t e r c o l l a b o r a t i o n 
is at a n a d v a n c e d s t a g e of i n ­
s t a l l a t i o n o f e q u i p m e n t f o r a n e x ­
p e r i m e n t t o s t u d y p a r t i c l e s p r o d u c e d 
at s m a l l a n g l e s ( b e t w e e n a b o u t 15 
a n d 1 5 0 m r a d ) a n d w i t h m o m e n t a 
b e t w e e n a b o u t 0.5 a n d 2 5 G e V / c . T h e 
p a r t i c l e s w i l l be m o n i t o r e d in a s p e c ­
t r o m e t e r a b o u t 30 m l o n g ( b e g i n n i n g 
w i t h t w o s e p t u m m a g n e t s a n d e n d i n g 
in a l a r g e C h e r e n k o v c o u n t e r ) w h i c h 
c l i m b s v e r t i c a l l y o v e r t h e t o p o f t h e 
ISR m a g n e t s . A n I B M 1800 c o m p u t e r 
w i l l b e o n - l i n e a n d l i n k e d t o t h e 
c e n t r a l C D C c o m p u t e r s . 
Experiment R 202 : A n A r g o n n e , B o ­
l o g n a , M i c h i g a n c o l l a b o r a t i o n has a l ­
r e a d y s o m e r e s u l t s o n p a r t i c l e p r o -
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d u c t i o n at m e d i u m a n g l e s ( a b o u t 80 
t o 200 m r a d ) a n d m o m e n t a f r o m 1.5 
t o 1 0 G e V / c . T h e i r d e t e c t o r is a s p e c ­
t r o m e t e r e x t e n d i n g o v e r 45 m b e ­
g i n n i n g w i t h a s e p t u m m a g n e t f o l l o w ­
e d by t w o l a r g e b e n d i n g m a g n e t s 
w i t h s c i n t i l l a t i o n a n d C h e r e n k o v 
c o u n t e r s i n t e r s p e r s e d . T h e y f i r s t l o o k ­
e d a t t h e e m e r g i n g p o s i t i v e p a r t i c l e s 
a n d h a v e n o w m o v e d t o t h e n e g a t i v e s . 
Experiment R203: A c o l l a b o r a t i o n 
i n v o l v i n g B r i t i s h a n d S c a n d i n a v i a n 
U n i v e r s i t i e s h a v e a d o u b l e b a r r e l l e d 
e x p e r i m e n t i n v o l v i n g a s e a r c h f o r 
q u a r k s a n d a n e x t e n s i v e s t u d y o f 
p a r t i c l e ( p i o n s , k a o n s , p r o t o n s , e tc . ) 
p r o d u c t i o n a t l a r g e a n g l e s (30 t o 9 0 ° ) . 
T h e d e t e c t i o n s y s t e m is a l a r g e 
m o b i l e s p e c t r o m e t e r a r m ( w e i g h i n g 
a b o u t 30 t o n s ) c a r r y i n g t w o m a g n e t s , 
s p a r k c h a m b e r s a n d c o u n t e r s . A 
D D P 516 c o m p u t e r is in u s e o n 
l i n e . T h e e x p e r i m e n t h a s s t a r t e d 
t a k i n g d a t a o n l o w m o m e n t u m 
( b e l o w 2 G e V / c ) p a r t i c l e s . It w i l l l a t e r 
b e a d a p t e d t o c a t c h h i g h m o m e n t u m 
p a r t i c l e s a n d s e a r c h f o r q u a r k s . 
Experiment R 204: A U.K. c o l l a b o r a t i o n 
h a v e a n e x p e r i m e n t i n s t a l l e d o n t h e 
o p p o s i t e s i d e o f t h e i n t e r s e c t i o n 
r e g i o n t o R 2 0 3 . T h e y a r e c o n c e r n e d 
w i t h a c a r e f u l s e a r c h f o r t h e i n t e r ­
m e d i a t e v e c t o r b o s o n t h r o u g h i ts p o ­
t e n t i a l d e c a y s i n t o m u o n s 

W - > v~ + y ; ^ + + v 

W i t h ISR i n t e r a c t i o n e n e r g i e s a W 
w i t h a m a s s o f s e v e r a l G e V c o u l d b e 
p r o d u c e d a n d d e t e c t e d v i a i ts h i g h l y 
e n e r g e t i c d e c a y m u o n s . T h e y w i l l a l s o 
s t u d y m u o n p a i r s f r o m t h e d e c a y o f 
m a s s i v e v i r t u a l p h o t o n s . T h e d e t e c ­
t o r is a n o p t i c a l s p a r k c h a m b e r , i r o n 
p l a t e s a n d w i c h w e i g h i n g a b o u t 250 
t o n s . It is s u r r o u n d e d b y a b o u t 100 
m i r r o r s t o a l l o w t h e c h a m b e r s t o b e 
p h o t o g r a p h e d b y a s i n g l e c a m e r a . 
T h e w h o l e is e n c a s e d in a l i g h t - t i g h t 
i g l o o w h i c h r e a c h e s t o t h e r o o f o f t h e 
ISR t u n n e l . D a t a h a n d l i n g is v i a a 
P D P 8 c o m p u t e r a n d t h e f i l m w i l l b e 

m e a s u r e d at t h e R u t h e r f o r d L a b o ­
r a t o r y . 

Intersection 1-4 

T h i s i n t e r s e c t i o n r e g i o n w i l l e v e n t u ­
a l l y b e o c c u p i e d by t h e s p l i t f i e l d 
m a g n e t ( see , f o r e x a m p l e , v o l . 10, 
p a g e 148) w h i c h w i l l b e a ' u n i v e r s a l ' 
d e t e c t i o n s y s t e m a d a p t i b l e t o a v a ­
r i e t y o f e x p e r i m e n t s . S i n c e i ts i n s t a l ­
l a t i o n is a y e a r a w a y , t h e r e g i o n is 
b e i n g u s e d c u r r e n t l y f o r t es t p u r ­
p o s e s . T w o e x p e r i m e n t s h a v e b e e n 
' a c c e p t e d ' f o r t h e r e g i o n . 
Experiment R401 : A C E R N , H a m ­
b u r g , O r s a y , V i e n n a c o l l a b o r a t i o n w i l l 
s t u d y t h e e n e r g y d e p e n d e n c e o f t h e 
p r o d u c t i o n o f n u c l e a r r e s o n a n c e s . 

p + p - > p + N* 
u s i n g m u l t i w i r e p r o p o r t i o n a l c h a m b e r s 
a n d a n e u t r o n d e t e c t i o n s y s t e m in t h e 
s p l i t f i e l d m a g n e t . T h e S F M c o m p u t e r 
s y s t e m ( E M R 6130 e v e n t u a l l y l i n k e d 
t o a C l l 10070) w i l l b e u s e d . 
Experiment R402: A C E R N , M u n i c h 
c o l l a b o r a t i o n is s l i p p i n g in b e f o r e t h e 
a r r i v a l o f t h e S F M t o c a r r y o u t a 
q u a r k s e a r c h u s i n g a l a r g e a s s e m b l y 
o f s c i n t i l l a t o r s a n d 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 . T h e y a l r e a d y h a v e 
s o m e e s t i m a t e s o f c r o s s - s e c t i o n s 
u s i n g t h e s c i n t i l l a t o r t e l e s c o p e s 
a l o n e . 

Intersection 1-6 

Experiment R601 : A C E R N , R o m e c o l ­
l a b o r a t i o n w a s a m o n g t h e f i r s t t o 
r e p o r t r e s u l t s f r o m t h e ISR. T h e y a r e 
l o o k i n g at e l a s t i c s c a t t e r i n g o f t h e 
p r o t o n s d o w n t o v e r y s m a l l a n g l e s . 
T h e p u b l i s h e d d a t a c o v e r s 7 t o 
16 m r a d ; t h e d a t a t o b e g a t h e r e d 
n o w g o e s d o w n t o 1.7 m r a d o r 1.4 
m r a d u s i n g s p e c i a l 1 R o m a n p o t s ' 
w h i c h a c c o m m o d a t e c o u n t e r s a c t u a l l y 
i n s i d e t h e m a c h i n e v a c u u m c h a m b e r . 
C o u n t e r s a r e t h u s a r r a y e d d o w n ­
s t r e a m o n e a c h b e a m . T h e y a r e 
c o u p l e d t o a n H P 2116 B c o m p u t e r . 
Experiment R 602 : A n A a c h e n C E R N , 
G e n o a , H a r v a r d , T u r i n c o l l a b o r a t i o n 

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

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

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

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

s e r v a t i o n s t o w i d e r a n g l e s (15 t o 27 

m r a d ) . S e t s o f s p a r k c h a m b e r s a r o u n d 

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

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

P D P 1 1 , a n I B M 1800 a n d a l i n k t o 

t h e C D C c o m p u t e r s c o v e r s d a t a 

h a n d l i n g . 

Intersection 1-8 

Experiment R 801 : A P i sa , S t o n y 
B r o o k c o l l a b o r a t i o n h a s i ts e q u i p m e n t 
a t a n a d v a n c e d s t a g e o f a s s e m b l y . 
It a i m s t o m e a s u r e t h e t o t a l c r o s s -
s e c t i o n of t h e p r o t o n - p r o t o n i n t e r ­
a c t i o n s . T h e i n t e r a c t i o n r e g i o n is 
s u r r o u n d e d w i t h a v a s t a r r a y o f 
c o u n t e r s t o c a t c h t h e p a r t i c l e s f l y i n g 
o u t a n d , in o r d e r t o h a v e a l s o t h e 
v e r y s m a l l a n g l e d a t a , t h e r e s u l t s o f 
E x p e r i m e n t 601 w i l l b e f e d i n . 

Experimental results 

W e n o w r e t u r n t o t h e f o u r e x p e r i ­
m e n t s w h i c h a l r e a d y h a v e r e s u l t s . 
T h r e e o f t h e m w e r e c o v e r e d in t h e 
a c c o u n t o f t h e A m s t e r d a m 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 in t h e 
J u l y i s s u e ( p a g e 185) a n d g r a p h s 
i l l u s t r a t i n g t h e i r f i r s t d a t a c a n b e 
s e e n in t h a t i s s u e ; a g r a p h i l l u s t r a t ­
i n g d a t a f r o m t h e f o u r t h e x p e r i m e n t 
a p p e a r s o n p a g e 242 . 

M o s t a t t e n t i o n h a s b e e n c o n c e n t r a ­
t e d o n t h e t w o e x p e r i m e n t s w h i c h 
h a v e s t u d i e d t h e e l a s t i c s c a t t e r i n g o f 
t h e c o l l i d i n g p r o t o n s c a r r i e d o u t b y 
t h e C E R N , R o m e g r o u p ( s m a l l a n g l e 
d a t a ) a n d t h e A a c h e n , C E R N , G e n o a , 
H a r v a r d , T u r i n g r o u p ( w i d e r a n g l e d a t a ) . 
T h e i r r e s u l t s i m m e d i a t e l y m o d i f i e d 
t h e p r e d i c t i o n s b a s e d o n m e a s u r e ­
m e n t s a t l o w e r e n e r g i e s . A s a c h a n g e 
f r o m p r e s e n t i n g r e s u l t s as a s e r i e s o f 
n u m b e r s a n d d e s c r i b i n g h o w t h e y 
h a v e b e e n o b t a i n e d , let us t r y t o 
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Left : Intersection region 1-4 where a CERN, 
Munich collaboration has slipped in (prior to 
the arrival of the split field magnet) to carry 
out a search for quarks. 

Intersection region 1-6 where elastic scattering 
measurements are being carried out. The small 
angle measurements are carried out by a CERN, 
Rome team and a ' Roman pot ', which has 
counters within the machine vacuum, can be 
seen at the bottom of the photograph on the 
beam pipe on the right. Detectors for the wider 
angle measuremens of the Aachen, CERN, 
Genoa, Harvard, Turin collaboration branch off 
to the right. 

unders tand , very s imply , why these 
two exper iments are in terest ing and 
what they are te l l ing us. 

One of the ways to get to know 
the par t ic les is to observe them under 
ex t reme cond i t ions w h e n h i ther to un­
suspec ted aspects of the i r nature can 
emerge. (However, it is wo r t h r emem­
ber ing that the cond i t i ons w e ar t i f i ­
c ia l ly set up at par t ic le acce le ra to rs 
are only ex t reme on p lanet Earth. Re­
search in as t ronomy and cosmo logy 
has shown that, on the sca le of the 
Universe, a h igh p ropor t i on of par­
t ic les l ive in just such condi t ions. ) 

The ISR enab le us to t h row pro tons 
together at energ ies far above wha t 
was poss ib le before. To w a t c h how 
they bounce off one another (elast ic 
scat ter ing) can te l l us a lot about 
what fo rm the p ro ton has. Th is t ech ­
n ique is far f rom new — w e are, in 
fact , do ing in a much more soph is t i ­
ca ted way the sort of exper imen t that 
Ruther ford d id in 1911 w h e n he f i red 
a lpha par t ic les at a th in go ld fo i l and , 
f rom the way they bounced off the 
a toms in the fo i l , deduced that the 
a tom had a nuc leus. 

When we say ' wha t fo rm the p ro ton 
has ' we shou ld not imag ine a r ig id 
geomet r i ca l s t ruc tu re . It is bet ter to 
say ' wha t reg ion of in f luence the 
pro ton has '. The in fo rmat ion w h i c h 
had been prev ious ly ga thered at 
acce le ra to rs (up to a peak energy 
of 70 GeV at Serpukhov) showed that 
as the energy of the p ro tons in ­
c reased , so the ef fect ive rad ius of the 
pro ton increased. When a p ro ton 
rushed past another w i t h h igher 
energy then it fel t , and was a f fec ted 
by, the o ther p ro ton at a greater 
d is tance. (An ana logy is that of a 
sate l l i te t rave l l ing th rough the ear th 's 
a tmosphere . If it is t rave l l ing s lowly , 
i.e. w i t h low energy, it w i l l hard ly 
feel the p resence of the ear th v ia 
its a tmosphere . If it is t rave l l ing w i th 
h igh speed it can feel the ear th v ia 
its a tmosphere and can burn up. The 
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higher its speed , the fur ther out w i l l 
th is ef fect take p lace. The ear th 's 
reg ion of in f luence g rows w i th in ­
c reas ing energy.) By what mechan ism 
one pro ton feels the in f luence of ano­
ther w e st i l l do not fu l ly unders tand 
and yet it is obv ious ly fundamenta l 
to unders tand ing par t ic le behaviour . 
Thus more knowledge of th is phe­
nomenon is impor tant . 

When pro tons are f i red at one an­
other in the ISR at energ ies equ iva­
lent to 1500 GeV, for examp le , the 
size of the region of in f luence can 
be p red ic ted f rom the prev ious lower 
energy measurements . The p red ic t i on 
was w r o n g . A l though the reg ion is 
st i l l g row ing as the energy is in­
c reased its rate of g rowth has s lowed 
d o w n a lot. Th is was immedia te ly 
obv ious f rom both exper iments . 

It was also obv ious that look ing at 
the pro tons bounc ing off at very smal l 
ang les and look ing at larger angles 
gave d i f ferent values for the extent 
of the reg ion. (That th is is a genu ine 
ef fect and not due to one of the 
exper iments be ing w rong was check ­
ed by over lapp ing the measure­
ments so that they were each look ing 
at the same angles — the i r resul ts 
were then in agreement. ) It looks 
there fore as if fo r a p ro ton to be in ­
f l uenced cons iderab ly (bent off at 
w ide r angles, the reg ion of in f luence 
is smal ler . Th is again looks reason­
able, th ink ing intu i t ive ly about wha t 
is go ing on , but it is go ing to need 

care fu l theore t i ca l wo rk for a c o m ­
plete exp lana t ion . 

The A rgonne , Bo logna, M ich igan 
exper iment a ims to s tudy the to ta l 
p roduc t i on c ross-sec t ion for p ions, 
kaons and for pro tons at ang les f rom 
80 to 200 mrad . Th is s tudy is a ref lec­
t ion of a new t rend to look at the 
numbers of par t ic les of a par t icu lar 
type f l y ing out rather than wor ry ing 
about the i r modes of p roduc t ion . Ex­
per iments of th is sor t are compara t i ve ­
ly easy and are a very useful in ­
d i ca t ion of the way th ings are go ing 
at these newly access ib le energ ies. 

The par t i c les are de tec ted by a 45 m 
spec t rometer . A sep tum magnet c lose 
to the in te rac t ion region is pos i t ioned 
so as to p i ck out par t ic les emer­
g ing at a par t icu lar angle and a im 
them back into the spec t rometer . A 
compensa t i ng magnet downs t ream 
then a l igns the par t ic les a long the 
cent ra l ax is ( thus the who le spec t ro ­
meter does not have to be ma­
noeuvred to check d i f ferent angles) . 

An ana lys ing magnet is the next 
major uni t and it de f lec ts par t ic les 
ver t i ca l ly ga in ing accu racy f rom the 
fac t tha t the he ight of the in te rac t ion 
reg ion is on ly about 6 mm compared 
w i t h a w i d t h of 400 mm. To be sure 
that events are f rom t rue co l l i d ing 
beam in terac t ions rather than f rom 
co l l i s ions w i t h par t ic les in the re­
s idua l gas, a s ing le beam is passed 
th rough the in terac t ion reg ion and the 

241 



' b a c k g r o u n d ' t hen seen by the s p e c ­
t r o m e t e r is s u b t r a c t e d f r o m t he 
b e a m - b e a m da ta . T h a n k s to t he ou t ­
s t a n d i n g m a c h i n e v a c u u m , t he b a c k ­
g r o u n d is l im i ted to abou t 20 % , w i t h 
th i s pa r t i cu la r spec t rome te r . T h e par ­
t i c l es are iden t i f i ed by sc in t i l l a t i on 
and C h e r e n k o v coun te rs . 

T h e f i rs t m e a s u r e m e n t s w e r e on 
pos i t i ve p ions e m e r g i n g f r o m t he 
in te rac t i on 

p + p - ^ j t + + (any th ing) 
th is is an ' ine las t i c ' p r o c e s s — the 
p r o t o n s d o not s imp l y b o u n c e off one 
ano the r but p r o d u c e o the r pa r t i c l es . 
At ve ry h igh ene rg ies ine las t i c c o l l i ­
s i ons c o m p l e t e l y d o m i n a t e in s t r ong 
i n te rac t i ons and the re fo re it is ve ry 
i m p o r t a n t to ge t a ho ld on t he ine­
las t ic events in o r d e r to u n d e r s t a n d 
the s t rong in te rac t ions . H o w e v e r th is 
is eas ie r sa id t han d o n e b e c a u s e of 
t h e c o m p l e x i t y of t he ine las t i c even ts 
— fo r e x a m p l e , a p ro ton hu r t l i ng in to 
ano the r p ro ton at an e n e r g y e q u i ­
va len t to 1500 GeV can t h r o w off a 
d o z e n p ions , a p ro ton and neu t ron , 
s o m e t i m e s a c o u p l e of kaons and 
o c c a s i o n a l l y a p r o t o n - a n t i p r o t o n pair . 

Recen t l y , t heo re t i ca l phys i c i s t s have 
been g n a w i n g at th is p r o b l e m a n d 
have s u g g e s t e d i gno r i ng t he de ta i l 
of w h a t is h a p p e n i n g a n d l o o k i n g at 
on l y one k ind of behav iou r s u c h as 
s t u d i e d in th is e x p e r i m e n t 

p + p - ^ j t + + (any th ing) 
R.P. F e y n m a n c o i n e d t h e w o r d ' i n ­
c lus i ve ' fo r th i s sor t of c ross - sec t i on 

The four points obtained from the Bombay, 
CERN, Cracow experiment using nuclear 
emulsions illustrating the angular distributions of 
relativistic particles emerging from the ISR 
collisions. They are plotted against cosmic ray 
data (above) and against a scaling prediction 
(below). 

and Feynman and C.N. Yang e a c h 
sugges ted tha t inc lus ive c ross -sec ­
t i ons s h o u l d a p p r o a c h a s imp le l im i t 
at ve ry h igh energy . 

K n o w i n g tha t ISR energ ies w e r e 
jus t a r o u n d t he corner , Feynman sat 
d o w n and w o r k e d out wha t he ex­
p e c t e d to h a p p e n at the ISR. He 
p r e d i c t e d tha t t he p ion p r o d u c t i o n 
c ross -sec t i on exp ressed in a par ­
t i cu la r w a y w o u l d d e p e n d on on ly t w o 
va r i ab les (on t he fami l i a r t ransverse 
m o m e n t u m of the p ion and on the 
' s c a l e d ' l ong i t ud ina l m o m e n t u m , 
P ( long i tud ina l ) d i v i ded by P ( m a x i -
mum) , and tha t it w o l u d be i n d e p e n ­
den t of the ene rgy of the c o l l i d i n g 
p ro tons . 

The p r e d i c t i o n p roved t rue w i t h 
r e m a r k a b l e p rec i s i on w h e n the ISR 
da ta w a s p lo t t ed a long w i t h l ower 
ene rgy da ta f r o m A r g o n n e and C E R N . 
T h e s i g n i f i c a n c e of th is is not c o m ­
p le te ly u n d e r s t o o d . It p robab l y sup ­
po r t s t he Lo ren t z - con t rac ted g e o m e ­
t r i ca l m o d e l fo r the p ro ton sugges ted 
by A .D . K r i sch and K. Huang . Th is 
m o d e l sees t he p ro ton as a sphe re , 
w i t h s o m e sor t of in terna l Gauss ian 
d i s t r i bu t i on , w h i c h is squashed d o w n 
by the Loren tz con t rac t i on at h igh 
ene rg ies . Huang no ted that t he d i s t r i ­
bu t i on of p ions w o u l d then d e p e n d 
on t he t w o va r iab les used by Feyn­
man . 

T h e ISR e las t i c sca t te r i ng resu l ts 
s h o w ' s h r i n k a g e ' of t he d i f f r ac t i on 
peak w h i c h is p ropo r t i ona l to the 
Loren tz c o n t r a c t i o n fac to r . Th is w o u l d 
exp la i n w h y t h e appa ren t ' sh r i nkage ' , 
w h i c h w a s so rap id at lower ene rg ies , 
has n o w a lmos t s t o p p e d . Th is a lso 
seems to s u p p o r t a g e o m e t r i c a l i n ­
te rp re ta t i on in w h i c h the p ro ton is a 
sphe re of a b o u t 10~ 1 3 c m rad ius w h i c h 
is s q u a s h e d d o w n at h igh ene rg ies . 
T h e g rea t j u m p in ene rgy g iven by 
the ISR g ives a lever a rm in tes t i ng 
th i s p i c t u re w h i c h is not ava i l ab le 
f r o m t h e conven t i ona l acce le ra to r s . 
But t he ISR st i l l g ives the p rec i s i on 

l abo ra to ry c o n d i t i o n s w h i c h m a k e 
a c c e l e r a t o r e x p e r i m e n t s so m u c h 
eas ie r t han t hose w i t h c o s m i c rays. 

T h e B o m b a y , Buchares t , CERN, 
C r a c o w c o l l a b o r a t i o n w h i c h d i d 
e m u l s i o n e x p e r i m e n t s 1-1, a re p u b ­
l i sh ing m e a s u r e m e n t s of the angu la r 
d i s t r i bu t i on of re la t i v is t i c c h a r g e d 
pa r t i c l es ( i gno r i ng l ower ene rgy par­
t ic les) e m e r g i n g f r o m very h igh 
ene rgy p r o t o n - p r o t o n co l l i s ions . The 
e m u l s i o n s (600 jim f i lms d e p o s i t e d 
on g lass p la tes) w e r e ex posed fo r 
n ine hours a n d t o o k da ta at fou r 
pos i t i ons f r o m 35° to 90° w h e n the 
beam c o n d i t i o n s w e r e — an ene rgy 
of 26.5 GeV ( i .e. a cen t re of mass 
ene rgy of 53 GeV, equ iva len t to abou t 
1500 G e V l abo ra to r y energy) and an 
in tens i ty of a b o u t 1 A per b e a m . In 
o r d e r tha t t he emu l s i ons w o u l d not 
be c o l l e c t i n g pa r t i c l es d u r i n g o the r 
t imes , s u c h as w h e n the beams w e r e 
be ing set up , t hey w e r e no rma l l y 
h i d d e n b e h i n d t he sh ie l d i ng wa l l and 
then run out in to pos i t i on on a ra i l . 

The resu l ts can be c o m p a r e d w i t h 
t he da ta on ve ry h igh ene rgy in ter­
ac t i ons o b t a i n e d f r o m obse rva t i ons 
on c o s m i c rays and can a lso be c o m ­
pa red w i t h w h a t has been obse rved 
at m u c h lower ene rg ies at s y n c h r o ­
t rons . T h e f i rs t resu l ts seem in rea­
sonab le a g r e e m e n t w i t h i n fo rma t ion 
g l eaned f r o m c o s m i c rays and ou t 
of l ine w i t h t he sca l i ng p r e d i c t i o n 
d r a w n f r o m l owe r ene rgy da ta . 

The angu la r d i s t r i bu t i on is s t rong l y 
an i so t rop i c . A t an ang le of 90° , fo r 
e x a m p l e , t he n u m b e r of obse rved par­
t i c l es is w e l l d o w n c o m p a r e d w i t h 
tha t r e c o r d e d at 35° . The angu la r 
d i s t r i b u t i o n in log tan 0 c m / 2 coor ­
d ina tes has a p r o n o u n c e d d i p in the 
n e i g h b o u r h o o d of 90° (as in the da ta 
f r o m c o s m i c ray je ts but as o p p o s e d 
to the f la t d i s t r i b u t i o n p r e d i c t e d by 
sca l i ng ) . T h e c o l l a b o r a t i o n is c o n ­
t i nu i ng w i t h s tud ies of lower ene rgy 
pa r t i c l es r e c o r d e d in t he emu ls ions . 
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Performance of the ISR 
Since the first operation of the two rings of 
the ISR at the end of January this year, we 
have intermittently reported progress in working 
the rings towards the design performance. This 
article takes- a fuller look at what has been 
achieved in recent months. 

Improvements in hardware 

and operation 

R. f. stacking 

A g e n e r a l d e s c r i p t i o n o f r. f. s t a c k i n g 
a p p e a r e d in v o l . 8, p a g e 270 e x p l a i n ­
i ng h o w s u c c e s s i v e p u l s e s f r o m t h e 
p r o t o n s y n c h r o t r o n c a n b e b u i l t u p 
i n t o i n t e n s e b e a m s in t h e ISR. T h e r e 
a r e t w o s c h e m e s a v a i l a b l e — s t a c k i n g 
1 a t t h e t o p ' a n d s t a c k i n g ' a t t h e 
b o t t o m '. W h e n s t a c k i n g a t t h e t o p , a n 
i n j e c t e d p u l s e is a l w a y s a c c e l e r a t e d 
t o t h e s a m e r a d i a l p o s i t i o n in t h e 
v a c u u m c h a m b e r . S i n c e t h e s t a c k ( t he 
p r o t o n s p r e v i o u s l y a c c u m u l a t e d ) is 
m o v e d t o w a r d s t h e i n j e c t i o n o r b i t , t h e 
i n j e c t e d p u l s e m u s t b e a c c e l e r a t e d 
t h r o u g h t h e s t a c k a n d w i l l d i s t u r b it. 
H o w e v e r , t h e s c h e m e is r e l a t i v e l y 
s i m p l e b e c a u s e t h e r. f. p r o g r a m is 
e x a c t l y t h e s a m e f o r a l l p u l s e s . T h i s 
is w h y t h i s m e t h o d w a s u s e d d u r i n g 
t h e i n i t i a l r u n n i n g - i n o f t h e ISR. 

W h e n s t a c k i n g a t t h e b o t t o m , t h e 
r. f. a c c e l e r a t i o n is s t o p p e d c l o s e r t o 
t h e i n j e c t i o n o r b i t o n s u c c e s s i v e p u l ­
s e s t h u s a v o i d i n g t h e t r a v e r s a l o f t h e 
s t a c k a n d t h e p e r t u r b a t i o n s c a u s e d 
b y it. H o w e v e r , t h e r. f. p r o g r a m h a s 
t h e n t o t a k e a c c o u n t o f t h e a p p r o p r i ­
a t e s t e p p i n g b a c k in t h e r a d i a l 
p o s i t i o n a s s u c c e s s i v e p u l s e s a r e i n ­
j e c t e d . T h i s p r o c e s s , w h i c h is u s u a l l y 
m o r e e f f i c i e n t , h a s n o w b e c o m e t h e 
s t a n d a r d p r o c e d u r e . 

Control computer 

By n o w t h e ISR c o n t r o l c o m p u t e r is 
a s k e d t o d o a w i d e r a n g e o f j o b s 
f o r t h e o p e r a t o r s . In a t y p i c a l r u n n i n g -
in s e s s i o n w h i c h l as t s s i x h o u r s , it 
e x e c u t e s a b o u t 600 p r o g r a m s , m a n y 
of t h e m s e v e r a l t i m e s in s u c c e s s i o n . 

S e t t i n g u p t h e b e a m t r a n s f e r c h a n ­
n e l s is d o n e v i a c o m p u t e r , a s is t h e 
s e t t i n g u p o f a l l t h e a u x i l i a r y p o w e r 
s u p p l i e s f o r t h e ISR p r o p e r . I n j e c t i o n 
e r r o r s a r e a u t o m a t i c a l l y r e d u c e d t o 
t h e m i n i m u m ( i n v o l v i n g c h a n g e s in 

E. Keil 
b o t h a n g l e a n d p o s i t i o n of t h e i n ­
j e c t e d b e a m f r o m t h e PS a r r i v i n g in 
t h e ISR v a c u u m c h a m b e r , b o t h h o r i ­
z o n t a l l y a n d v e r t i c a l l y ) . T h e s e t t i n g s 
o f t h e v a r i o u s p o w e r s u p p l i e s a r e 
s t o r e d in t h e c o m p u t e r a n d p r e v i o u s 
s e t t i n g s c a n b e r e s t o r e d a u t o m a t i ­
c a l l y . A l s o a n u m b e r o f p r o g r a m s 
e x i s t s w h i c h a l l o w t h e o p e r a t o r t o 
c h a n g e m a g n e t i c w o r k i n g c o n d i t i o n s , 
f o r e x a m p l e t h e Q v a l u e s . O n e s i m p l e 
c o m m a n d a d j u s t s a l a r g e n u m b e r of 
p o w e r s u p p l y s e t t i n g s w h i c h a r e r e ­
q u i r e d t o m a k e t h e r e q u e s t e d c h a n g e 
in w o r k i n g c o n d i t i o n s . 

A n o t h e r f i e l d of a p p l i c a t i o n s is 
c l o s e d o r b i t c o r r e c t i o n , w h i c h t h e 
c o m p u t e r p e r f o r m s in a d i a l o g u e w i t h 
t h e o p e r a t o r . It r e a d s c l o s e d o r b i t 
p o s i t i o n s f r o m p i c k - u p s t a t i o n s a n d 
a l l o w s t h e o p e r a t o r t o e l i m i n a t e s u s ­
p e c t r e a d i n g s a n d t o s p e c i f y t h e 
c l o s e d o r b i t h a r m o n i c s w h i c h h e 
w a n t s c o r r e c t e d ( u s u a l l y a f e w in t h e 
n e i g h t b o u r h o o d of t h e Q v a l u e a r e 
s u f f i c i e n t ) . T h e c o m p u t e r t h e n c a l c u ­
l a t es t h e c o r r e c t i o n s r e q u i r e d , e i t h e r 
e x c i t a t i o n s o f c o r r e c t i n g m a g n e t s o r 
d i s p l a c e m e n t s o f t h e m a g n e t u n i t s , 
a n d a s k s t h e o p e r a t o r w h e t h e r t h e y 
s h o u l d b e a p p l i e d . 

M o r e r e c e n t l y , w i t h n e w k n o w l e d g e 
a b o u t t h e b e h a v i o u r o f t h e v a c u u m 
p r e s s u r e as a f u n c t i o n o f b e a m c u r ­
ren t , a l a r g e n u m b e r o f v a c u u m p r o ­
g r a m s h a v e c o m e i n t o e x t e n s i v e u s e . 
F i g u r e 1 is a n e x a m p l e of t h e d i s ­
p l a y o f a l l t h e v a c u u m g a u g e s in t h e 
ISR a t h i g h c u r r e n t . 

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

Closed orbit correction 

It is w o r t h r e t u r n i n g t o t h e s u b j e c t o f 

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

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

1. Map of vacuum pressure in the ISR collected 
from gauges distributed around both rings and 
presented on a display screen via the control 
computer. This map was taken with high currents 
(4.09 and 4.24 A) in the rings and some of the 
' pressure bumps ' can be seen. 

2. Closed orbit data collected from 53 electro­
static pick-up stations distributed around a ring. 
Correction is carried out in a dialogue between 
the operator and control computer and has 
proved very efficient. The two presentations in 
the figure illustrate the reduction of orbit 
distortion when corrections are applied. 
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3. Record currents stacked in the ISR at 
different momenta. The y-axis gives the 
circulating current in amperes ; the x-axis 
records the ' Run Number ' extending until the 
beginning of September. Up to the present, 
it has proved more difficult to stack beams of 
' low ' momenta such as 10 GeV/c. (R1 and R2 
stands, of course, for Ring 1 and Ring 2.) 

• 26 GeV/c 

° 22 GeV/c 

x 15 G e V / c 

* 10 GeV /c 

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

T h e c o r r e c t i n g e l e m e n t s a r e c o r ­
r e c t i o n c o i l s o n a b o u t 36 m a g n e t 
u n i t s , 16 r a d i a l f i e l d m a g n e t s ( m a i n l y 
s e r v i n g t o c o r r e c t t h e c l o s e d o r b i t in 
t h e i n t e r s e c t i o n r e g i o n s in o r d e r t o 
h a v e t h e t w o b e a m s c o l l i d e f u l l y ) , a n d 
36 m o t o r i z e d j a c k s w h i c h m o v e p a i r s 
o f F a n d D m a g n e t u n i t s , o n e u p a n d 
t h e o t h e r o n e d o w n . T h e c l o s e d o r b i t 
p o s i t i o n is m e a s u r e d w i t h 53 e l e c t r o ­
s t a t i c p i c k - u p s t a t i o n s in e a c h r i n g . 
P r o g r a m s h a d b e e n p r e p a r e d a n d 
t e s t e d in a d v a n c e m a k i n g it p o s s i b l e 
t o c a l c u l a t e t h e n e c e s s a r y c u r r e n t s in 
t h e c o r r e c t i o n w i n d i n g s o r t h e v e r t i ­
c a l d i s p l a c e m e n t s o f t h e m a g n e t 
u n i t s , t o c o r r e c t c l o s e d o r b i t d i s t o r ­
t i o n s . T h e s e p r o g r a m s w e r e u s e d 
w i t h a c t u a l ISR d a t a s o o n a f t e r t h e 
m a c h i n e w a s p u t i n t o o p e r a t i o n a n d 
t h e y c o r r e c t e d t h e c l o s e d o r b i t as 
e x p e c t e d . A n e x a m p l e o f c l o s e d o r b i t 
d a t a is s h o w n in F i g u r e 2 . 

C l o s e d o r b i t c o r r e c t i o n s c a n n e v e r 
b e p e r f e c t b e c a u s e t h e r e a r e e r r o r s 
in t h e r e a d i n g s f r o m t h e p i c k - u p s t a ­
t i o n s a n d t h e r e a r e no t e n o u g h m e a s ­
u r i n g a n d c o r r e c t i n g e l e m e n t s . 

T h e p r e s e n t s y s t e m o f p i c k - u p s t a ­
t i o n s c o r r e c t i n g e l e m e n t s a n d p r o ­
g r a m s c o r r e c t t h e v e r t i c a l c l o s e d 
o r b i t d o w n t o a p e a k - t o - p e a k d i s t o r ­
t i o n o f a f e w m i l l i m e t r e s a n d t h e 
h o r i z o n t a l c l o s e d o r b i t t o a b o u t 5 m m . 
B e c a u s e c l o s e d o r b i t c o r r e c t i o n is 
a v a i l a b l e , it h a s b e e n p o s s i b l e t o r u n 
t h e ISR w i t h o u t r e - a l i g n m e n t s i n c e 
O c t o b e r 1970 f o r R i n g 1 a n d J a n u a r y 
1971 f o r R i n g 2 a l t h o u g h t h e m a g n e t s 
m o v e d 0.9 m m d o w n w a r d s o n t h e 
a v e r a g e , a n d t h e r m s s p r e a d o f t h e i r 
v e r t i c a l p o s i t i o n s is n o w 0.6 m m . 

New achievements 

Transverse instability 

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

n e d t h e n a m e ' B r i c k w a l l ' , has b e e n 

3. 

c u r e d b y a p p l y i n g a s e x t u p o l e c o m ­
p o n e n t t o t h e m a g n e t i c f i e l d ( see v o l . 
11 p a g e 94) . N o w t h a t t h i s is b e i n g 
d o n e o n a r e g u l a r b a s i s t h e t r a n s ­
v e r s e i n s t a b i l i t y is h a r d l y s e e n . H o w ­
eve r , it has b e e n a r t i f i c i a l l y p r o v o k e d 
in o r d e r t o s t u d y it. T h e f r e q u e n c y o f 
c o h e r e n t s i g n a l s i n d u c e d in p i c k - u p 
s t a t i o n s a n d t h e f a c t t h a t t h e i n s t a b i ­
l i t y c a n b e i n f l u e n c e d b y s e x t u p o l e 
f i e l d s s h o w t h a t it is a l o w f r e q u e n c y 
i n s t a b i l i t y d r i v e n b y t h e r e s i s t i v i t y o f 
t h e v a c u u m c h a m b e r w a l l s a n d b y t h e 
i n d u c t i v i t y d u e t o t h e c r o s s - s e c t i o n 
v a r i a t i o n s o f t h e c h a m b e r . T h e s e x ­
t u p o l e c o m p o n e n t w h i c h is r e q u i r e d 
t o c u r e i t , a g r e e s w i t h i n a f a c t o r o f 
t w o o r s o w i t h t h a t c a l c u l a t e d e a r l i e r 
o n . 

Maximum currents and lifetimes 

F i g u r e 3 s h o w s t h e h i s t o r y o f p e a k 
c u r r e n t s at d i f f e r e n t b e a m m o m e n t a 
t h r o u g h t o t h e b e g i n n i n g of S e p t e m ­
be r . A g o o d m e t h o d f o r m a k i n g s t a c k s 
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4. Graph illustrating how pressure follows the 
stored current. A possible explanation it that 
ions created by the beams in the residual gas 
liberate molecules from the vacuum chamber 
walls. (Time reversal is practised on this graph 
— the x-axis records time in minutes counting 
towards the left.) 

w i t h a l ong l i f e t ime w a s d i s c o v e r e d 
m o r e o r less by a c c i d e n t : t h e s t a c k 
is not bu i l t up in o n e g o bu t in 
severa l s teps - s t o p p i n g i n j e c t i o n at 
i n te rva ls of a b o u t o n e a m p e r e a n d w a i t ­
ing a b o u t t en m i n u t e s b e f o r e s t a c k ­
ing t h e next a m p e r e . S t a c k i n g in th i s 
s l ow f a s h i o n gave a g o o d l i f e t ime on 
severa l o c c a s i o n s . T h e p resen t bes t 
re la t i ons b e t w e e n s t o r e d b e a m cu r ­
rent a n d d e c a y ra te a re : 

1 A 5.1 CT6 pe r m i n u t e 
3 A 10~ 5 pe r m i n u t e 
4 A 3.1CT5 per m i n u t e 
4.5 A 1CT4 pe r m i n u t e 
5 A 3.1CT4 pe r m i n u t e 

T h e d e c a y ra tes o b s e r v e d d u r i n g 
the c o l l i d i n g b e a m runs a re usua l l y not 
as g o o d and t h e r e is q u i t e a f l u c t u a ­
t i on f r o m run to r un , even at t h e s a m e 
c u r r e n t ( the ra tes at a b o u t 2.5 A range 
f r o m a f e w t i m e s 1CT5 t o a f e w t i m e s 
1CT4). T h e l i fe t ime ' is e x p e c t e d to w o r ­
sen a f te r a c e r t a i n t i m e s i n c e t h e 
b e a m is c o n t i n u o u s l y b l o w n up by 
s c a t t e r i n g on t h e res i dua l gas , a n d 
losses b e c o m e s i g n i f i c a n t w h e n t h e 
b e a m f i l l s t h e a v a i l a b l e a p e r t u r e . T h e 
o b s e r v e d loss ra tes a re in r o u g h 
a g r e e m e n t w i t h t h o s e e x p e c t e d fo r 
a b e a m w h i c h f i l l s t h e a v a i l a b l e ape r ­
t u re . Howeve r , t h e y a p p e a r t o o s o o n 
— f r o m m u l t i p l e s c a t t e r i n g a l o n e o n e 
c o u l d ha rd l y e x p e c t t o see t h e m 
w i t h i n t h e d u r a t i o n of a n o r m a l phy ­
s i cs run . It s e e m s tha t even at t he 
usua l c u r r e n t s fo r c o l l i d i n g b e a m phy ­
s i cs runs t h e r e is a m e c h a n i s m , o the r 
t h a n m u l t i p l e s c a t t e r i n g , w h i c h c a u ­
ses a g r o w t h of t h e b e a m s ize . 

New problems 

Vacuum pressure bumps 

O n e of t he mos t s t r i k i n g o b s e r v a t i o n s 
m a d e d u r i n g t h e pas t f e w m o n t h s is 
tha t of t h e d e p e n d e n c e of t h e p res ­
su re o n t h e c i r c u l a t i n g c u r r e n t . B e ­
f o r e t h e b e g i n n i n g of a run , t h e p r e s ­
su re is usua l l y a f e w t i m e s 10~ 1 0 to r r , 
w e l l b e l o w t h e p r e s s u r e o r i g i n a l l y 

s p e c i f i e d . Th i s r ema ins t r ue as s t a c k ­
ing b e g i n s a n d the c i r c u l a t i n g cu r ­
rent r i ses . Howeve r , t h e r e a re c e r t a i n 
r e g i o n s in t he c h a m b e r w h e r e t he 
p r e s s u r e r ises rap id l y o n c e t h e cu r ­
rent e x c e e d s a c e r t a i n l im i t . A t y p i c a l 
r e c o r d i n g of t h e c i r c u l a t i n g c u r r e n t 
and of t h e p ressu re in a long s t ra i gh t 
s e c t i o n is s h o w n in F igu re 4. T h e 
p r e s s u r e keeps r i s ing even a f te r s t a c k ­
ing has f i n i s h e d . A f te r a paus e of 
a b o u t hal f a m i n u t e t h e c u r r e n t s ta r t s 
to g o d o w n , a n d so d o e s t h e p ressu re . 

T h e p l a c e s w h e r e t h e s e p r e s s u r e 
b u m p s o c c u r a re m o r e o r less f i x e d , 
a l t h o u g h t he i r re la t i ve he i gh t may 
c h a n g e f r o m run to run . T h e y c a n be 
r e m o v e d by b a k i n g t h e v a c u u m 
c h a m b e r at abou t 300° C i ns tead of 
t h e usua l 200° C. Howeve r , f o r t h e 
m o m e n t , o n e reg ion w i t h a p r e s s u r e 
b u m p is not b e i n g b a k e d so t ha t t h i s 
p h e n o m e n o n c a n be s t u d i e d at t h e 
p resen t c u r r e n t leve ls . 

A n u m b e r of e x p l a n a t i o n s have 

4. 

b e e n pu t f o r w a r d : t h e c i r c u l a t i n g 
b e a m ion i zes t h e res idua l gas — the 
e l e c t r o n s p r o d u c e d a re c o l l e c t e d by 
c l e a r i n g e l e c t r o d e s i ns ta l l ed at t h e e n d 
of t h e m a g n e t un i t s but t h e ions may 
ge t lost e v e r y w h e r e a l ong the c i r c u m ­
f e r e n c e . W h e n t hey hi t t he v a c u u m 
c h a m b e r w a l l t hey may l i be ra te 
m o l e c u l e s p r o v i d i n g m o r e gas w h i c h 
c a n be i on i zed by t h e b e a m in a 
p r o c e s s w h i c h sus ta ins i tsel f if t he 
n u m b e r of m o l e c u l e s l i be ra ted f r o m 
t h e w a l l s is a l i t t le b i g g e r t h a n t h e 
n u m b e r of i ons w h i c h hi t t he v a c u u m 
c h a m b e r w a l l . T h i s ra t io can be m e a s ­
u r e d e x p e r i m e n t a l l y by o b s e r v i n g 
t h e p r e s s u r e d r o p w h i c h o c c u r s w h e n 
t h e b e a m is d u m p e d . It t u r n e d out , 
t ha t t h e e x p e r i m e n t a l f i gu re is q u i t e 
c l o s e to un i ty , w h i c h s u p p o r t s th i s 
e x p l a n a t i o n . 

Saturation and antistacking 

W h e n s t a c k i n g it is f o u n d tha t f r o m a 
c e r t a i n c u r r e n t o n w a r d s t he re is no 
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l o n g e r a n y a c c u m u l a t i o n of p a r t i c l e s . 

W h e n i n j e c t i o n is s t o p p e d t h e s t o r e d 

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

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

m u c h f a s t e r d e c a y of c u r r e n t s e t s in 

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

t o a b o u t 4 A w i t h i n a v e r y s h o r t t i m e 

( less t h a n o n e m i n u t e ) . A t t h i s l e v e l , 

t h e c u r r e n t s t a b i l i z e s a g a i n , b u t n e v e r 

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

a b l e w h e n s t a c k i n g is s t o p p e d at 4 

o r 5 A . If s t a c k i n g is n o t s t o p p e d a t 

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

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

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

' s t a c k i n g d o w n w a r d s ' o r ' a n t i s t a c k -

i n g '. T h e e x p l a n a t i o n m a y b e t h a t 

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

b e a m loss a f t e r ha l f a m i n u t e , a l r e a d y 

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

u n d e r w a y w h e n ' s t a c k i n g d o w n ­

w a r d s ' b e g i n s . 

S o o n a f t e r t h e p r e s s u r e b u m p s w e r e 

o b s e r v e d f o r t h e f i r s t t i m e , i t w a s 

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

p l a i n e d b y t h e m in t h e f o l l o w i n g w a y : 

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

a p e r t u r e at t h e b e g i n n i n g , t h e r e is a 

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

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

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

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

i n g b e a m loss . B u t a f t e r a w h i l e , 

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

f i l l t h e v a c u u m c h a m b e r a p e r t u r e , 

b e a m l o s s e s se t i n , a n d t h e y e x p l a i n 

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

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

5. 

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

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

s u r e . In t h e m e a n t i m e , t h e v a c u u m 

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

a t h i g h e r c u r r e n t s , bu t t h e m a x i m u m 

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

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

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

s e e m t o h o l d . 

Betatron oscillations 

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

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

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

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

g r o w s . It h a s i n d e e d b e e n o b s e r v e d , 

t h a t a b o v e a c e r t a i n c u r r e n t (of t h e 

o r d e r o f 4.5 A) t h e b e t a t r o n o s c i l l a t i o n 

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

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

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

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

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

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

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

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

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

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

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

4.5 A l im i t , t h e b e a m s i ze is s m a l l 

( l ess t h a n a n t i c i p a t e d ) b u t a b o v e t h e 

l im i t , t h e b e a m s i ze is b i g g e r t h a n 

a n t i c i p a t e d . T h e g r o w t h is l i m i t e d in 

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

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

k i c k e r m a g n e t , a n d i n d e e d l a r g e 

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

T h e s e l o s s e s a r e s o m e t i m e s b i g g e r 

5. A luminosity calibration at intersection 1-2. The 
two beams (1.38 A in Ring 1 and 1.13 A in Ring 2) 
each with momentum 22.5 GeV/c were moved 
relative to one another vertically (the x-axis 
records the beam separation in millimetres). 
The y-axis gives the number of counts recorded 
during 10 s intervals as the beams collided. 
The effective height of the beams was 5.7 mm. 

t h a n t h e c u r r e n t i n j e c t e d d u r i n g t h e 

las t PS p u l s e , t h u s c a u s i n g ' s t a c k i n g 

d o w n w a r d s '. S o fa r , t h e r e a r e o n l y 

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

g r o w t h a n d m u c h m o r e w o r k o n it 

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

t i o n s is w h e t h e r t h e p r e s s u r e r i ses 

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

n o m e n o n o r no t . 

Beams for experiments 

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

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

( t h r e e w e e k p e r i o d s ) . In e a c h p e r i o d 

o n e w e e k is f r e e o f ISR r u n n i n g in 

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

a t i o n s a n d t h e i n s t a l l a t i o n o f e x ­

p e r i m e n t s . T h e ISR a r e in o p e r a t i o n 

f o r f o u r d a y s in e a c h o f t h e o t h e r 

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

d i v i d e d as f o l l o w s : 

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

12 h o u r s — S e t t i n g u p e x p e r i m e n t s 

94 h o u r s — p h y s i c s . 

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

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

c u l a t i n g f o r 34 h o u r s . 

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

f o r p h y s i c s is t o m a k e s t a c k s at t h e 

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

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

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

d i s p l a c e d v e r t i c a l l y in s t e p s in a l l 

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

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

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

o n e i n t e r s e c t i o n r e g i o n d o e s no t 

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

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

h a s t h r e e p u r p o s e s — f i r s t , t h e ve r ­

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

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

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

ra te ; s e c o n d , t h e i r c o m m o n v e r t i c a l 

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

b a c k g r o u n d is a t a m i n i m u m ; — t h i r d , 

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

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

A n e x a m p l e o f t h e v a r i a t i o n o f t h e 

c o u n t i n g ra te w h e n t h e t w o b e a m s 
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CERN News 

a r e m o v e d r e l a t i v e t o e a c h o t h e r is 
s h o w n in F i g u r e 5 w h e r e t h e e f f e c t i v e 
h e i g h t w a s 5.7 m m . T h i s is a b o u t ha l f 
t h e f i g u r e a s s u m e d d u r i n g t h e c o n ­
s t r u c t i o n of t h e ISR. S i n c e t h e l u ­
m i n o s i t y of t h e ISR — w h i c h is a 
q u a n t i t y d e s c r i b i n g t h e ra te at w h i c h 
e v e n t s t a k e p l a c e — is i n v e r s e l y p r o ­
p o r t i o n a l t o t h e b e a m h e i g h t it is 
h i g h e r t h a n t h e f i g u r e o n e o b t a i n s 
by j u s t s c a l i n g f r o m t h e p r o d u c t of 
t h e t w o c u r r e n t s . 

M o s t of t h e b a c k g r o u n d s e e m s t o 
c o m e f r o m p r o t o n s b e i n g los t o n t h e 
v a c u u m c h a m b e r w a l l s in t h e v i c i n i t y 
of t h e i n t e r s e c t i o n r e g i o n s . It t h e r e ­
f o r e c a n v a r y c o n s i d e r a b l y f r o m r u n 
t o r u n , a n d c a n b e m o d i f i e d b y 
c h o o s i n g a g o o d v e r t i c a l b e a m p o ­
s i t i o n in t h e i n t e r s e c t i o n r e g i o n a n d 
n e a r b y . T h e s t a c k e d c u r r e n t f o r c o l l i ­
d i n g b e a m p h y s i c s is m a i n l y d e c i d e d 
o n t h e b a s i s of t h e o b s e r v e d b a c k ­
g r o u n d ra tes , r a t h e r t h a n l u m i n o s i t y , a 
t y p i c a l f i g u r e is a b o u t 2.5 A in e a c h 
r i n g . T h i s is at l eas t p a r t l y d u e t o t h e 
f a c t t h a t m o s t e x p e r i m e n t s h a v e 
a m p l e d a t a - t a k i n g r a t es ( t he ISR p r o ­
v i d e d a t a c o n t i n u o u s l y in c o n t r a s t t o 
t h e p u l s e d o p e r a t i o n o f a s y n c h r o ­
t r o n ) . A n e x a m p l e of t h e d a t a - t a k i n g 
ra te is t h e 2 m i l l i o n e v e n t s c o l l e c t e d 
by t h e A a c h e n - C E R N - G e n o a - H a r v a r d -
T u r i n t e a m in t h e f i r s t 34 h o u r r u n . 

T h e h i g h e s t c u r r e n t s u s e d in a run 
f o r p h y s i c s w e r e a b o u t 4 A in R i n g 1 
a n d 3.4 A in R i n g 2, t h e l u m i n o ­
s i t y a c h i e v e d in t h i s r u n w a s 
1.8 X 1 0 2 9 c r r f 2 s~1 w h i c h is o n l y a 
f a c t o r 20 b e l o w d e s i g n l u m i n o s i t y . 

It w a s n e v e r e x p e c t e d t h a t s o e a r l y 
in i ts l i fe t h e ISR w o u l d b e p r o v i d i n g 
b e a m s of t h e q u a l i t y a n d r e l i a b i l i t y 
w h i c h a re a l r e a d y f e e d i n g a v e r y 
h e a l t h y p r o g r a m m e of e x p e r i m e n t s . 
N e v e r t h e l e s s t h e r e r e m a i n s m u c h 
d i f f i c u l t , b u t f a s c i n a t i n g , w o r k f o r t h e 
m a c h i n e p h y s i c i s t s t o d o in o r d e r t o 
p u s h p e r f o r m a n c e o f t h e s t o r a g e r i n g s 
t o w a r d s s t i l l h i g h e r l eve l s . 

On 7 September the Minister for Education and 
Science of the Federal Republic of Germany, 
Professor Dr. Hans Leussink, visited CERN. He 
is photographed (top centre) hearing about the 
CERN-Karlsruhe experiment on charge exchange 
scattering which is located in the South 
Experimental Hall of the 28 GeV proton 
synchrotron. This~ experiment will, next year, be 
carried to higher energies by the same team 
in collaboration with Soviet scientists at the 
76 GoV machine at Serpukhov. 

BEBC 
T h e ha l l o f t h e 3.7 m h y d r o g e n c h a m ­
ber , B E B C , w a s t h e s c e n e of v i g o r o u s 
a c t i v i t y b e f o r e t h e h o l i d a y s — f i n a l 
a s s e m b l y w o r k w a s t a k i n g p l a c e at 
a n a c c e l e r a t e d ra te . T h e m a i n c o m ­
p o n e n t s w e r e in p o s i t i o n , t h e m a g n e t 
h a d b e e n a s s e m b l e d , a n d t h e f i r s t 
v a c u u m tes t s in t h e l a r g e t a n k s h a d 
b e e n s u c c e s s f u l l y c o m p l e t e d . T h e 
f i r s t c o o l i n g t e s t s s e e m e d a s s u r e d to 
t a k e p l a c e a c c o r d i n g t o s c h e d u l e b e ­
f o r e t h e e n d o f t h i s yea r . H o w e v e r , 
C E R N ' s p r e s e n t f i n a n c i a l s i t u a t i o n h a s 
t o b e t a k e n i n to c o n s i d e r a t i o n . 

In o r d e r t o s u s t a i n t h i s p a c e of 
a s s e m b l y a n d t e s t i n g , a g r e a t d e a l 
of o u t s i d e l a b o u r w o u l d h a v e t o be 
u s e d , a n d t h e C E R N t e a m s w o u l d 
h a v e t o d o a c o n s i d e r a b l e a m o u n t of 
o v e r t i m e w o r k . In t h e c o n t e x t of 
C E R N ' s p r e s e n t e c o n o m y d r i v e , s u c h 
a c t i o n c o u l d s e r i o u s l y p r e j u d i c e t h e 
s c a l e o f o p e r a t i o n of t h e c h a m b e r 

n e x t yea r , s i n c e t h e o n l y m e t h o d of 
p a y i n g t h e c o s t s i n v o l v e d w o u l d b e 
t o d r a w o n t h e 1972 b u d g e t . 

In v i e w of t h i s s i t u a t i o n , t h e B E B C 
S t e e r i n g C o m m i t t e e has p r e f e r e d t o 
s l o w t h e p r o g r a m m e d o w n . T h e f i r s t 
t e s t s o n t h e l a r g e c h a m b e r a n d t h e 
m a g n e t w i l l no t , t h e r e f o r e , t a k e p l a c e 
un t i l t h e S p r i n g of 1972. T h e r e is 
s t i l l , h o w e v e r , t h e h o p e t h a t t h e f i r s t 
e x p e r i m e n t w i t h b e a m s t o b e i n s t a l l e d 
in t h e W e s t Ha l l w i l l b e g i n b e f o r e 
t h e e n d o f n e x t yea r . 

T e s t s o f t h e r e f r i g e r a t i o n p l a n t 
a s s o c i a t e d w i t h t h e c h a m b e r h a v e 
b e g u n a n d a r e g o i n g e n c o u r a g i n g l y 
w e l l . T h e b o d y of t h e c h a m b e r is n o w 
f i t t e d w i t h a l l t h e hea t e x c h a n g e r s 
w h i c h a r e n e e d e d t o c o n t r o l t h e t e m ­
p e r a t u r e o f t h e h y d r o g e n , a n d has 
b e e n t e s t e d u n d e r v a c u u m . W h e n t h e 
' f i s h - e y e s ' o f t h e o p t i c a l s y s t e m a r e 
in p l a c e t h e b o d y w i l l b e i n s t a l l e d in 
i ts p e r m a n e n t p o s i t i o n i n s i d e i ts l a r g e 
v a c u u m t a n k in t h e m a g n e t i c s h i e l d . 
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BERKELEY 
Seeing particles 
ft has b e c o m e a s t a n d a r d par t of t he 
i n t r o d u c t o r y pat ter in i n t r o d u c i n g 
n e w c o m e r s to the mys te r i es of par­
t i c l e d e t e c t o r s to say tha t pa r t i c l es 
a re so very t iny tha t w e c a n n o t see 
t h e m w i t h the h u m a n eye . S o m e 
r e s e a r c h c a r r i e d out at B e r k e l e y a n d 
e l s e w h e r e over t he past year s e e m s 
to d e m o n s t r a t e qu i t e c o n c l u s i v e l y 
tha t th i s is not s t r i c t l y t r ue . A s t r o n a u t s 
on A p o l l o f l i gh ts and p e o p l e e x p o s e d 
to b e a m s in the L a b o r a t o r y have seen 
i nd i v i dua l pa r t i c l es a p p e a r i n g as l igh t 
f l ashes as they passed t h r o u g h the 
re t ina of the eye. 

L igh t f l ash p h e n o m e n a (or ' p h o s -
p h e n e s ' f r o m the G r e e k ' phos ' m e a n ­
ing l igh t and ' pha inen ' m e a n i n g to 
show) f r o m s o u r c e s o the r t h a n 
n o r m a l l ight en te r i ng t h e eye have 
been k n o w n for a long t i m e . As long 
ago as 1755 it w a s r e c o r d e d tha t sma l l 
e l ec t r i c cu r ren t s can p r o d u c e p h o s -
p h e n e s (any en thus ias t i c reader m i g h t 
t r y leads f r o m a 3 V t o r c h ba t te ry to 
t he f o r e h e a d a n d ' b a c k of t he h e a d , 
p re fe rab l y in a d a r k e n e d room) . T h e y 
c a n a lso be i n d u c e d by d i p p i n g t h e 
h e a d in a m a g n e t i c f i e l d (of a b o u t 
0.1 T fo r examp le ) or by p ressu re on 
t h e c l o s e d eye o r by e x p o s u r e to 
X- rays in t he da rk . T h e s t u d y of a 
n e w t ype of p h o s p h e n e w a s s t i m u ­
la ted by t he e x p e r i e n c e of t he as t ro ­
nau ts on the s p a c e f l i gh t A p o l l o 11 
a n d on al l s u b s e q u e n t A p o l l o m is ­
s ions . W h e n it w a s d a r k in t he s p a c e ­
c ra f t they repo r ted see ing l igh t 
f l ashes (p inpo in t s a n d s t reaks ) at a 
f r e q u e n c y of abou t one or t w o per 
m inu te . 

T h e pos tu la te w a s tha t t h e l igh t 
f l ashes w e r e c a u s e d by heavy c o s m i c 
ray pa r t i c l es ( in t he c a r b o n , n i t r o g e n , 
o x y g e n reg ion) en te r i ng t he eye . La ­
b o r a t o r y e x p e r i m e n t s t h e r e f o r e s i m u ­
la ted s u c h c o s m i c rays by p r o d u c i n g 
reco i l c a r b o n , n i t r ogen and o x y g e n 

nuc lea r f r a g m e n t s in t he eye, in i t ia l l y 
e x p o s i n g 1 d a r k a d a p t e d ' peop le to a 
low in tens i ty neu t ron beam at ener ­
g ies g o i n g up to 640 MeV at the Ber­
ke ley c y c l o t r o n . L igh t f l ashes w e r e 
o b s e r v e d . S u b s i d i a r y tes ts c l e a r e d 
X- rays as t he poss ib le s o u r c e ( the 
levels w e r e t o o low) and a lso c l e a r e d , 
as a ma jo r s o u r c e , C h e r e n k o v l igh t 
p r o d u c e d by fast reco i l p ro tons or 
p ions (exposu re to 1 .5GeV/c p ions at 
the Beva t ron , w h e r e the re w o u l d 
ce r ta i n l y be C h e r e n k o v p h e n o m e n a , 
p r o d u c e d no phosphenes ) . 

L o w e r e n e r g y e x p e r i m e n t s at t he 
Un ivers i t y of W a s h i n g t o n , Sea t t le , 
c y c l o t r o n revea led a fu r the r s o u r c e 
— s low reco i l p ro tons a n d a l p h a 
pa r t i c l es (w i th an ene rgy d e p o s i t i o n 
of g rea te r t han abou t 100 M e V per 
g r a m per c m 2 ) . The f r e q u e n c y of the 
l igh t f l ashes w i t h rega rd to t he o r i e n ­
ta t i on of t he head in the b e a m , i n ­
d i c a t e d tha t the eye ( ra ther t han 
s o m e t h i n g t r i g g e r e d d i rec t l y in the 
b ra in i tsel f ) is the s i te of t he p h e n o ­
mena . 

T h e inves t iga t ion moved b a c k to 
the Be rke ley c y c l o t r o n ad a t t emp t ­
ed to o b t a i n ra ther more quan t i t i ve 
da ta us ing a ca re fu l l y c o n t r o l l e d 
b e a m of 240 M e V he l i um ions. It w a s 
de f i n i t e l y es tab l i shed that t he p h e ­
n o m e n a o r i g i n a t e d in the re t ina and 
a lso an idea w a s o b t a i n e d of t he 
e f f i c i ency of t h e eye in d e t e c t i n g t he 
pa r t i c l es (abou t 4 0 % e f f i c ien t if t he 
pa r t i c l es w e r e c o m i n g at a rate of 
a r o u n d 10 per s e c o n d — e f f i c i ency 
fe l l of f at l ower and h igher ra tes) . 
Th i s g ives a ve ry r ough c a l i b r a t i on on 
man as a d e t e c t o r of ce r ta i n c lasses 
of c o s m i c rays. 

T h e as t ronau ts on the recen t A p o l l o 
f l i gh t s w e r e see ing l ight f l ashes at 
a ra te of a b o u t 1 or 2 per m inu te . 
S o m e c a l c u l a t i o n s on the e x p e c t e d 
c o n c e n t r a t i o n of heavy c o s m i c rays 
( f rom c a r b o n a t o m s up) g i ve va lues 
of 2 to 4 per m inu te pass ing t h r o u g h 
an a rea equ i va len t to the re t ina of 

the h u m a n eye . S low p ro tons and 
he l i um ions c o u l d a lso be c o n ­
t r i b u t i n g , so tha t , w i t h i n the ve ry 
ten ta t i ve es t ima tes tha t can be made , 
the pos tu la te of c o s m i c rays as t he 
s o u r c e of t he as t ronau t s l ight f l ashes 
looks g o o d . 

T h e fu l l s to ry of th i s i n t r i gu ing w o r k 
can be f o u n d in a Be rke ley repor t 
L B L - 3 1 . The a u t h o r s a re T. F. B u d i n -
ger , C. A. T o b i a s , J . T. L y m a n (Don ­
ner L a b o r a t o r y a n d L a w r e n c e B e r k e ­
ley Labo ra to r y ) * , P. K. C h a p m a n , L. S. 
P insky ( M a n n e d S p a c e c r a f t Cen t re , 
Hous ton ) , H. B i c h s e l , J . D. Denney , 
W. B. Ne lp (Un ive rs i t y of Wash ing ton ) . 

On 24 A u g u s t , a n i t r ogen ion b e a m 
(250 M e V per nuc léon ) w a s used to 
s t i m u l a t e v i sua l p h e n o m e n a in t he 
sc i en t i f i ca l l y s c e p t i c a l eye of the La­
b o r a t o r y D i rec to r , E. M. M c M i l l a n . 
W i t h on l y 30 pa r t i c l es t h r o u g h the 
re t ina , M c M i l l a n had to con fess to ' a 
w h o l e c o n s t e l l a t i o n '. M o r e quan t i t a ­
t i ve w o r k w i t h n i t r o g e n ions is in p r o ­
g ress . 

* The Lawrence Radiation Laboratory 
has been formally split into its Ber­
keley and Livermore components. 
They are now, organizationally, two 
separate Laboratories and have been 
renamed Lawrence Berkeley Labo­
ratory and Lawrence Livermore Labo­
ratory. Hence the high energy physics 
research centred at the Bevatron 
etc. is now done at LBL not LRL. 

STANFORD 
Hybrid experiment 
A g r o u p f r o m C a l . T e c h . ( led by C. 
Peck) and t h e L a w r e n c e Be rke ley 
L a b o r a t o r y has c o m p l e t e d an e x p e r i ­
men t at S t a n f o r d us ing a fast c y c l i n g 
1 me t re h y d r o g e n b u b b l e c h a m b e r in 
c o n j u n c t i o n w i t h a s p a r k c h a m b e r 
s p e c t r o m e t e r . T h i s t y p e of hyb r i d 
a r r a n g e m e n t is l i ke ly to b e c o m e m o r e 
c o m m o n as b u b b l e c h a m b e r pu l s i ng 
ra tes a re i n c r e a s e d and as b e a m 
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A photograph taken in the fast cycling 1 m 
hydrogen bubble chamber at Stanford. It 
shows some typical events which triggered 
the hybrid bubble chamber and spark chamber 
spectrometer system in a study of diffractive 
production of resonances. Pions, entering from 
below in the photograph, interact with protons 
and give up a little energy continuing 
almost straight on. The excited protons decay 
and emit low energy particles. 
1. The first of the twelve 1 m square wire spark 
chambers which spot emerging pions which have 
lost some of their energy. 
2. The 1 m diameter bubble chamber dismantled 
for modifications. 

energies c l imb higher. At h igher 
energy machines par t ic les wi l l be 
th rown forward more and it w i l l be 
possib le to catch a greater number of 
interest ing events by set t ing up a 
spect rometer system behind the 
bubble chamber. Also hybr id ar ran­
gements make it reasonable to study 
rare events in bubb le chambers s ince 
their select ive proper t ies can great ly 
reduce the number of photographs 
wh ich need to be s tud ied. 

The exper iment at the 20 GeV elec­
t ron l inear acce lera tor used this last 
advantage to study di f f ract ive p roduc­
t ion of N* resonances. Bu i ld ing up 
adequate stat ist ics of this process 
using a convent ional ly operated 2 m 
bubble chamber wou ld require as 
many as 10 mi l l ion p ic tures to be 
taken ; at SLAC w i th the hybr id expe­
r iment the data was co l lec ted w i th in 
two months. Dur ing th is t ime the 
1 m chamber pulsed about 8 mi l l ion 
t imes but the spec t rometer asked 
for only about 300 000 p ic tures to be 
taken (on a f i rst examinat ion wel l 
over half of . them seem to have caught 
the required events). Ini t ia l ly the bub­
ble chamber was operated four t imes 
per second but later in the run th is 
was s tepped up to f ive and s ix t imes 
per second. (For brief per iods, not 
dur ing this exper iment , the chamber 
has run as high as ten pulses per 
second.) S ince the 20 GeV acce lera­
tor suppl ies 360 pulses per second, 
the exper iment was an a lmost negl i ­
g ib le burden for the machine. 

The exper iment p roceeded as fo l ­
lows : pulses of e lec t rons f rom the 
l inear acce lerator were f i red onto a 
target and f rom the resul t ing par t ic les 
a few 14 GeV pions were se lected and 
gu ided into the 1 m chamber . The 
chamber expans ion system was pu l ­
sed on their arr ival and the charged 
part ic les (the p ions and any charged 
produce of their in teract ions in the 
hydrogen) left g row ing bubbles in 
their wake. Fortunately, bubbles in 



The first sector of the TRIUMF cyciotron magnet 
assembled at the manufacturer's (Davie Ship­
building Limited, Quebec) prior to dispatch to 
the site at the University of British Columbia 
at the end of July. Two of the six sectors have 
now reached the site and all are scheduled to 
be delivered by December. The magnet will be 
completely assembled by June 1972. 

Layout of the experimental areas on either side 
of the TRIUMF cyclotron. They will be fed, 
initially, by two beams as shown (dimensions 
are given in feet). 

h y d r o g e n t a k e a b o u t 3 m s t o g r o w t o 
a s i z e s u i t a b l e .for p h o t o g r a p h i n g . 
T h i s is a m p l e t i m e f o r e l e c t r o n i c d e ­
t e c t o r s t o l o o k at w h a t is e m e r g i n g 
f r o m a c h a m b e r a n d t o d e c i d e w h e t h e r 
t h a t p a r t i c u l a r p a t t e r n o f b u b b l e s is 
w o r t h r e c o r d i n g . 

In t h e S L A C e x p e r i m e n t t h e e l e c ­
t r o n i c d e t e c t i o n s y s t e m c o n s i s t e d o f 
t w e l v e 1 m s q u a r e w i r e s p a r k c h a m ­
b e r s , p o s i t i o n e d a r o u n d a m a g n e t , a n d 
a X D S S i g m a 2 c o m p u t e r w h i c h d i d 
t h e s u m s as t o w h e t h e r a n e v e n t o f 
i n t e r e s t w a s l i k e l y t o h a v e h a p p e n e d . 
T h e s y s t e m f a s t e n e d o n t o p i o n s e m e r ­
g i n g in t h e d i r e c t i o n o f t h e b e a m f i ­
r e d i n t o t h e b u b b l e c h a m b e r a n d t h e 
a m o u n t b y w h i c h t h e s e p i o n s w e r e 
b e n t in t h e m a g n e t r e v e a l e d w h e t h e r 
t h e y h a d los t a s i g n i f i c a n t a m o u n t 
o f e n e r g y . If t h i s p r o v e d t o b e t h e 
c a s e , t h e c o m p u t e r t o l d t h e b u b b l e 
c h a m b e r f l a s h t u b e s t o f i r e a n d 
t h e c h a r g e d p a r t i c l e t r a c k s in t h e 
c h a m b e r w e r e r e c o r d e d . 

T h e p r o c e s s t h a t t h e e x p e r i m e n t e r s 
w i s h e d t o s t u d y w a s t h a t w h e r e a 
p i o n m e e t s a p r o t o n a n d p a s s e s 
e s s e n t i a l l y s t r a i g h t t h r o u g h it a l t h o u g h 
g i v i n g u p s o m e e n e r g y t o t h e p r o ­
t o n in t h e p r o c e s s . T h e p r o t o n is t h e n 
le f t in a n e x c i t e d s t a t e ( t r a n s f o r m e d 
i n t o a s h o r t - l i v e d r e s o n a n c e ) a n d w i l l 
d e c a y b a c k i n t o i ts n o r m a l t r a n ­
q u i l l i t y e m i t t i n g l o w e n e r g y p a r t i c l e s 
w h i c h c a n u s u a l l y b e r e a d i l y i d e n t i ­
f i e d in t h e b u b b l e c h a m b e r . T h e i n ­
f o r m a t i o n o n e t h e n has c o v e r s 
t h e i n c o m i n g p i o n , t h e o u t g o i n g p i o n 
( m o m e n t u m k n o w n t o 0.5 % a n d 
p o s i t i o n in t h e c h a m b e r k n o w n t o 
w i t h i n 1 m m ) a n d t h e d e c a y p r o d u c t s 
of t h e r e s o n a n c e . T h i s is e n o u g h t o 
s t u d y t h e w a y s in w h i c h t h e p i o n c a n 
p a s s e n e r g y t o t h e p r o t o n ( to s t u d y 
t h e s e l e c t i o n r u l e s in t h e p r o d u c t i o n 
o f t h e N* r e s o n a n c e s ) . 

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

A r g o n n e ( see v o l . 10 p a g e 190) b u t 
t h e e x p e r i m e n t a t S L A C has b r o u g h t 
it t o a n e w l eve l o f s o p h i s t i c a t i o n . 
T h e r e is l i t t l e d o u b t t h a t t h i s w i l l b e 
c a r r i e d s t i l l f u r t h e r a t S L A C a n d e l s e ­
w h e r e . T h e 30 i n c h c h a m b e r u s e d 
in t h e h y b r i d s e t u p a t A r g o n n e f o r 
e x a m p l e h a s n o w b e e n m o v e d t o 
B a t a v i a a n d w i l l b e r e a d y f r o m N o ­
v e m b e r t o b e u s e d in a h y b r i d e x p e ­
r i m e n t w i t h v e r y h i g h e n e r g y i n c o m ­
ing p a r t i c l e s . 

I n f o r m a t i o n o n s o m e m o s t i m p o r ­
t a n t r e s u l t s e m e r g i n g f r o m t h e e x p e ­
r i m e n t a l p r o g r a m m e at t h e 20 G e V 
m a c h i n e c a n b e f o u n d in r e c e n t i s s u e s 
o f ' S c i e n t i f i c A m e r i c a n '. T h e J u n e 
i s s u e c a r r i e s a s t o r y (by H. W . K e n ­
d a l l a n d W . K. H. P a n o f s k y ) o f t h e 
d e e p i n e l a s t i c s c a t t e r i n g e x p e r i m e n t s 
r e v e a l i n g s t r u c t u r e i n s i d e t h e p r o ­
t o n a n d t h e n e u t r o n w h i c h c o u l d p o s ­
s i b l y b e t h e p o i n t - l i k e o b j e c t s k n o w n 
a s p a r t o n s . T h e J u l y i s s u e c a r r i e s a 
s t o r y o n ' P h o t o n s as H a d r o n s ' b y 
F. V. M u r p h y a n d D. E. Y o u n t a n d 
d i s c u s s e s p a r t i c u l a r l y a n e x p e r i m e n t 
a t S L A C w h i c h d e m o n s t r a t e s t h a t h i g h 
e n e r g y p h o t o n s c a n h a v e p r o p e r t i e s 
o n c e t h o u g h t e x c l u s i v e t o h a d r o n s . 

TRIUMF 
C o m i n g toge ther 
O n 5 A u g u s t , t h e f i r s t c o m p o n e n t 
( t he c e n t r e s u p p o r t o n w h i c h t h e 
m a g n e t w i l l res t ) of t h e T R I U M F 
c y c l o t r o n w a s l o w e r e d i n t o p l a c e . A t 
t h e s a m e t i m e , o n e i t h e r s i d e o f t h e 
m a c h i n e v a u l t , o t h e r m a c h i n e c o m ­
p o n e n t s w e r e in e v i d e n c e — t h e f i r s t 
m a g n e t s e c t o r w a s b e i n g s t o r e d in 
t h e ' P r o t o n A r e a ' a n d t h e h u g e 
v a c u u m c h a m b e r w a s b e i n g w e l d e d 
t o g e t h e r in t h e ' M e s o n A r e a 

T h e T R I U M F p r o j e c t , i n v o l v i n g f o u r 
C a n a d i a n U n i v e r s i t i e s — A l b e r t a , S i ­
m o n F r a s e r , V i c t o r i a a n d B r i t i s h C o ­
l u m b i a , is o n e o f t h e t h r e e ' m e s o n 
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f a c t o r i e s ' c u r r e n t l y u n d e r c o n s t r u c ­
t i o n ( t he o t h e r t w o b e i n g t h e l i n e a r 
a c c e l e r a t o r , L A M P F , at L o s A l a m o s 
a n d t h e t w o - c y c l o t r o n s y s t e m of S I N 
at V i l l i g e n ) . I ts p a r t i c u l a r f e a t u r e is 
t h a t it w i l l a c c e l e r a t e n e g a t i v e h y d r o ­
g e n i o n b e a m s (of i n t e n s i t y u p t o 
100 ^A ) a n d w i l l h a v e h i g h e x t r a c t i o n 
e f f i c i e n c y w h e n t h e i o n s a r e s t r i p p e d 
t o p r o t o n s s i n c e t h e c y c l o t r o n m a g n e t 
i t se l f w i l l b e n d t h e p a r t i c l e s o f o p p o ­
s i t e c h a r g e o u t i n t o t h e e x p e r i m e n t a l 
a r e a s . T h e m a g n e t is a s i x s e c t o r 
s t r u c t u r e w e i g h i n g 4000 t o n s . W i t h a 
p e a k f i e l d o f a l m o s t 0.6 T it w i l l h o l d 
i o n s u p t o a n e n e r g y o f 500 M e V . It 
m a y b e p o s s i b l e t o p u s h t h e p e a k 
e n e r g y a l i t t l e h i g h e r ( a b o u t 550 M e V 
w h e r e t h e f o c u s i n g p r o p e r t i e s o f t h e 
m a g n e t f a d e ) a n d t h e r.f. s y s t e m has 
b e e n d e s i g n e d t o a c h i e v e t h i s . H o w ­
e v e r t h e ' h i g h e n e r g y ' m o d e o f 
o p e r a t i o n w i l l i n v o l v e h i g h i n t e r n a l 
b e a m loss a n d h e n c e , l o w e r e x ­
t r a c t e d c u r r e n t s . 

T h e m a c h i n e w a s d e s c r i b e d in 
s o m e d e t a i l in v o l . 8, p a g e 163. S i n c e 
t h e n t h e m a j o r d e s i g n c h a n g e h a s 
b e e n t h e d e c i s i o n t o h a v e t w o e x p e r i ­
m e n t a l ha l l s , o n e o n e a c h s i d e o f t h e 
m a c h i n e . I n s e r t i n g t w o s t r i p p e r f o i l s 
i n t o t h e c y c l o t r o n , it w i l l b e p o s s i b l e 
t o h a v e t w o e x t r a c t e d b e a m s c o m p l e ­
t e l y i n d e p e n d e n t a n d v a r i a b l e in b o t h 
e n e r g y a n d i n t e n s i t y . T h e a d d i t i o n o f 
a h i g h r e s o l u t i o n b e a m ( a b o u t 100 k V 
e n e r g y s p r e a d ) a t a l a t e r s t a g e has 
a l s o b e e n c o n s i d e r e d . 

T h e g e n e r a l l a y o u t o f t h e e x p e r i ­
m e n t a l a r e a s , as it is e n v i s a g e d a t 
p r e s e n t , is s h o w n in t h e d i a g r a m . 
M o r e d e t a i l is n o w b e i n g f e d i n t o 
t h e l a y o u t f o l l o w i n g a s y m p o s i u m o n 
t h e e x p e r i m e n t a l p r o g r a m m e in 
A u g u s t w h i c h i n v o l v e d p e o p l e f r o m 
e a c h o f t h e d i s c i p l i n e s w h i c h w i l l b e 
r e p r e s e n t e d in t h e r e s e a r c h p r o ­
g r a m m e ( r a d i o c h e m i s t r y , n u c l e a r p h y ­
s i c s , r a d i o t h e r a p y , e t c . ) . T h e f i r s t 
p r o p o s a l s f o r e x p e r i m e n t s w e r e c o n ­
s i d e r e d b y t h e E x p e r i m e n t a l E v a l u a ­
t i o n C o m m i t t e e t h i s m o n t h . It is h o p e d 
t h a t m o n e y t o b u i l d u p t h e e x p e r i ­
m e n t s w i l l b e c o m e a v a i l a b l e as f r o m 
t h e s t a r t of t h e n e x t f i n a n c i a l y e a r 
( A p r i l 1972) . 

T h e c y c l o t r o n is s c h e d u l e d t o c o m e 
i n t o o p e r a t i o n in 1973 a n d c o n s t r u c ­
t i o n p r o g r e s s o n a l m o s t a l l c o m ­
p o n e n t s o f t h e m a c h i n e is in l i ne w i t h 
t h e p r o g r a m m e . S i n c e D e c e m b e r 1970 
t h e i o n s o u r c e has b e e n r e l i a b l y p r o ­
v i d i n g g o o d q u a l i t y n e g a t i v e h y d r o g e n 
i o n b e a m s in e x c e s s o f 2 m A w h i c h 
is a m p l e f o r i n i t i a l o p e r a t i o n . Fo r 
s t u d i e s of b e a m b e h a v i o u r in t h e 
c r u c i a l f i r s t t u r n s in t h e c y c l o t r o n , 
t h e 300 k e V i n j e c t o r w i l l b e u s e d t o 
f e e d a 3 M e V c e n t r a l r e g i o n m o d e l in 
a f e w m o n t h s ' t i m e . 

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

d e l i v e r e d b y t h e e n d of t h e y e a r a n d 
in p l a c e b y J u n e 1972 r e a d y f o r t h e 
f i e l d m a p p i n g a n d w h a t m a y p r o v e 
t o b e a l e n g t h y p r o c e s s of m a g n e t 
t r i m m i n g . T h e r e is c o n s i d e r a b l e c o n ­
f i d e n c e t h a t t h e r e q u i r e d m a g n e t pe r ­
f o r m a n c e w i l l b e r e a d i l y a t t a i n e d 
f o l l o w i n g m e a s u r e m e n t s o n a t e n t h 
s c a l e m o d e l w h i c h r e p r o d u c e d e x ­
c e l l e n t l y t h e p r e v i o u s s a t i s f a c t o r y 
r e s u l t s f r o m a t w e n t i e t h s c a l e m o d e l . 

T h e h u g e v a c u u m v e s s e l ( a b o u t 
18 m in d i a m e t e r ) is b e i n g w e l d e d , t o 
t h e a c c o m p a n i m e n t of m a n y d e c i b e l s , 
a l o n g s i d e t h e m a c h i n e v a u l t s i n c e it 
is t o o b i g t o h a v e b e e n m a n o e u v r e d 
t h r o u g h t h e s t r e e t s of V a n c o u v e r as 
a c o m p l e t e un i t . It w i l l b e c o m p l e t e d 
in D e c e m b e r . T h e p u m p i n g s y s t e m 
is a c r y o a r r a y m a i n t a i n e d at 20 K 
w i t h a h e a t s h i e l d at 80 K. T h e r.f. 
s y s t e m is t h e last m a c h i n e c o m ­
p o n e n t t o t a k e d e f i n i t i v e s h a p e b u t 
t h e c o n t r a c t s a r e n o w b e i n g p l a c e d . 
A s s e m b l y o f t h e r.f. u n i t s s h o u l d s t a r t 
t o w a r d s t h e e n d o f n e x t y e a r . C o n ­
t r o l s a n d i n s t r u m e n t a t i o n a r e b e i n g 
f i n a l i z e d . S m a l l ' d e d i c a t e d ' c o m ­
p u t e r s in c o n j u n c t i o n w i t h C A M A C 
m o d u l e s w i l l b e u s e d . 

PRINCETON 
Ni t rogen beams 
A s h a s b e e n r e p o r t e d s e v e r a l t i m e s 
b e f o r e ( see , f o r e x a m p l e v o l . 1 1 , 
p a g e 16) , t e s t s o n t h e a c c e l e r a t i o n 
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of n i t r o g e n i o n s a r e b e i n g c a r r i e d 
o u t a t t h e f as t c y c l i n g 3 G e V p r o t o n 
s y n c h r o t r o n at t h e P r i n c e t o n P e n n ­
s y l v a n i a A c c e l e r a t o r L a b o r a t o r y in 
a n a t t e m p t t o k e e p t h e m a c h i n e in 
o p e r a t i o n as a c e n t r e f o r h e a v y i o n 
r e s e a r c h . O n 15 J u l y a b e a m o f n i t r o ­
g e n i o n s ( N 5 + ) w a s a c c e l e r a t e d t o 
a n e n e r g y of 3.9 G e V w i t h a n e s t i ­
m a t e d b e a m i n t e n s i t y o f 1 0 4 i o n s p e r 
s e c o n d . T h i s is t h e f i r s t t i m e h e a v y 
i o n s of s u c h h i g h e n e r g y h a v e b e e n 
p r o d u c e d a r t i f i c i a l l y a n d it o p e n s t h e 
d o o r t o e x p e r i m e n t s in a v a r i e t y o f 
d i s c i p l i n e s . 

Fo r t h r e e w e e k s f r o m 4 A u g u s t t h e 
a c c e l e r a t o r w a s in o p e r a t i o n w i t h 
3.9 G e V n i t r o g e n i ons f e e d i n g s e v e r a l 
e x p e r i m e n t s . Fo r m o s t of t h e t i m e 
t h e b e a m w a s e j e c t e d , t h o u g h t h e r e 
w a s a 12 h o u r i r r a d i a t i o n of a n i n ­
t e r n a l p l a t i n u m t a r g e t in a n e x p e r i ­
m e n t t o s t u d y p i o n p r o d u c t i o n . T h e 
e j e c t e d b e a m i n t e n s i t y h a s b e e n 
a v e r a g i n g a b o u t 5 X 1 0 4 i o n s p e r 
s e c o n d w i t h a p e a k i n t e n s i t y o f 
3 X 1 0 5 . T h e b e a m p u r i t y w a s b e t t e r 
t h a n 9 9 % . It h a s s e r v e d e x p e r i m e n t s 
o n t h e p h y s i c a l p r o p e r t i e s o f h e a v y 
i o n s , i n a c t i v a t i o n c r o s s - s e c t i o n s f o r 
m a m m a l i a n c e l l s , e x c i t a t i o n e n e r g y 
of n u c l i d e s , a n d d e p t h d o s e s t u d i e s . 

P r o p o s a l s f o r e x p e r i m e n t s d e m a n d ­
i n g w e l l o v e r 1000 h o u r s o f r u n n i n g 
t i m e h a v e b e e n r e c e i v e d a n d a 
S c i e n c e A d v i s o r y C o m m i t t e e h a s 
b e e n f o r m e d t o r e v i e w t h e p r o p o s a l s . 
A c o m m i t t e e f r o m t h e N a t i o n a l C a n ­
c e r I n s t i t u t e v i s i t e d t h e P P A o n 5 
A u g u s t c o n c e r n i n g t h e r e q u e s t f o r 
l o n g - t e r m f u n d i n g of t h e m a c h i n e 
r e s e a r c h p r o g r a m m e . T h e y h e a r d 
t a l k s o n t h e a d v a n t a g e s o f u s i n g 
h e a v y i on b e a m s f o r c a n c e r t h e r a p y , 
f o r r a d i a t i o n d o s i m e t r y , f o r c o s m i c 
ray a n d s o l i d s t a t e s t u d i e s r e l a t e d 
t o b i o l o g i c a l p r o b l e m s , a n d o n t h e 
p o s s i b i l i t y of t r e a t i n g 1000 p a t i e n t s 
p e r y e a r f r o m a R a d i a t i o n T h e r a p y 
C e n t r e . T h e C o m m i t t e e is n o w e v a l u ­
a t i n g i ts f i n d i n g s . 

M e a n w h i l e w o r k is g o i n g a h e a d o n 
t h e m a c h i n e w i t h t h e a i m of i n ­
c r e a s i n g t h e a v a i l a b l e b e a m i n t e n s i t y 
t o w a r d s 1 0 6 i o n s p e r s e c o n d . In t h e 
p r e v i o u s r u n s , t h e a v e r a g e p r e s s u r e 
in t h e a c c e l e r a t o r v a c u u m c h a m b e r 
w a s a b o u t 2 X 10~ 7 t o r r . T h i s is b e i n g 
i m p r o v e d b y a f a c t o r o f t w o , w h i c h 
w i l l a l l o w m o r e i n t e n s e b e a m s t o b e 
a c c e l e r a t e d a n d , in a d d i t i o n , t h e e j e c ­
t e d b e a m s y s t e m is b e i n g i m p r o v e d . 

BERKELEY 
Ni t rogen beams again 
A t t h e e n d o f A u g u s t , n e w s c a m e 
f r o m t h e L a w r e n c e B e r k e l e y L a b o r a ­
t o r y t h a t i o n b e a m s of e x c e l l e n t q u a ­
l i t y h a v e b e e n a c c e l e r a t e d in t h e B e -
v a t r o n , w h i c h n o r m a l l y p r o v i d e s 6 G e V 
p r o t o n s f o r h i g h e n e r g y p h y s i c s r e ­
s e a r c h . B e r k e l e y h a v e b e e n t h i n k i n g 
a b o u t h i g h e n e r g y h e a v y ion r e s e a r c h 
f o r s o m e t i m e a n d h a v e p l a n s f o r t h e 
d e v e l o p m e n t of a m a j o r r e s e a r c h f a ­
c i l i t y , k n o w n as B e v l a c , u s i n g t h e 
c o m b i n e d f o r c e s of t h e B e v a t r o n a n d 
t h e S u p e r - H i l a c . 

T h e r e c e n t w o r k b e g a n w i t h 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 ( 1 0 1 1 p a r t i ­
c l e s p e r p u l s e e j e c t e d ) a n d a l p h a s 
(5 X 1 0 9 p a r t i c l e s p e r p u l s e e j e c t e d ) 
up t o e n e r g i e s of 2.1 G e V p e r n u ­
c l é o n . T h i s c o r r e s p o n d s t o 4.2 G e V 
d e u t e r o n s a n d 8.4 G e V a l p h a s . N e u ­
t r o n b e a m s of 2.1 G e V e n e r g y c o u l d 
b e o b t a i n e d w i t h a b o u t 120 M e V 
e n e r g y s p r e a d b y s t r i p p i n g t h e d e u ­
t e r o n s . T h e s e b e a m s w e r e a c h i e v e d 
u s i n g t h e u s u a l i n j e c t i o n s y s t e m o p e r ­
a t e d in a d i f f e r e n t m o d e . S u f f i c i e n t 
i n t e n s i t i e s o f e a c h t y p e o f p a r t i c l e 
c o u l d b e p u l l e d f r o m t h e n o r m a l d u o -
p l a s m a t r o n i o n s o u r c e ( w i t h a s l i g h t l y 
l a r g e r a n o d e a p e r t u r e f o r a l p h a s ) a n d 
a b o u t 5 % c o u l d b e a c c e l e r a t e d 
t h r o u g h t h e 20 M e V p r o t o n l i n a c , 
w i t h f i e l d s e t t i n g s a l m o s t t h e s a m e as 
u s u a l , t o a n e n e r g y o f 5 M e V p e r 
n u c l é o n . 

T h i n g s g e t s t i c k i e r f o r t h e a c c e l ­
e r a t i o n o f n i t r o g e n i o n s . A d e q u a t e 
i n t e n s i t i e s (20 t o 30 !^A) f r o m a P.I .G. 
s o u r c e c a n o n l y b e o b t a i n e d f o r N 5 + 

i o n s . T h e c h a r g e t o m a s s r a t i o (5/14) 
t h e n r e q u i r e d a c c e l e r a t i n g a n d f o c u ­
s i n g f i e l d g r a d i e n t s 40 % h i g h e r t h a n 
u s u a l i n t h e l i n a c . A f t e r a c c e l e r a t i o n 
t o 5 M e V p e r n u c l é o n t h e i o n s l o o s e 
t h e i r r e m a i n i n g t w o e l e c t r o n s w h e n 
t h e y a r e p a s s e d t h r o u g h a s t r i p p e r 
y i e l d i n g a b e a m of a b o u t 0.5 M A of 
N 7 + i o n s f o r i n j e c t i o n i n t o t h e B e v a ­
t r o n . 

T h e B e v a t r o n , a n e j e c t i o n s y s t e m 
a n d a n e x t e r n a l b e a m t r a n s p o r t s y s ­
t e m a r e p r e v i o u s l y c a r e f u l l y se t u p 
w i t h a n a l p h a b e a m , w h e r e t h e b e a m 
s i g n a l is s t r o n g e n o u g h t o o p e r a t e 
t h e p h a s e l o o p c o n t r o l , a n d t h e se t ­
t i n g s a r e s t o r e d o n c o m p u t e r t a p e . 
I n j e c t i o n t h e n s w i t c h e s to n i t r o g e n 
a n d t h e c o m p u t e r , f r o m i ts a l p h a se t ­
t i n g s d o e s t h e s u m s a n d c o n t r o l s t h e 
a d j u s t m e n t s f o r t h e n i t r o g e n i ons . 
W i t h a b o u t 1 0 % c a p t u r e e f f i c i e n c y , 
a b o u t 1 0 % of t h e i o n s h e l d d u r i n g 
a c c e l e r a t i o n a n d 50 % to 70 % 
e j e c t i o n e f f i c i e n c y , b e a m s o f a b o u t 
2 X 1 0 s p a r t i c l e s p e r p u l s e w e r e 
a v a i l a b l e f o r e x p e r i m e n t s at 2.1 G e V 
p e r n u c l é o n (29.4 G e V N 7 + i ons ) . T h e 
p u r i t y o f t h e e j e c t e d b e a m s w a s a b o u t 
90 t o 95 % . T h e h i g h e s t e n e r g y a -
c h i e v e d (at w h i c h b e a m s w e r e n o t 
e j e c t e d ) w a s 2.57 G e V pe r n u c l é o n 
(36 G e V ) . T h i s , i n c i d e n t a l l y , f u l f i l l s a 
p r o p h e c y o f t h e l a te E. O. L a w r e n c e . 
In h i s N o b e l P r i z e a c c e p t a n c e s p e e c h , 
g i v e n in 1 9 5 1 , h e r e f e r r e d to t h e a c c e l ­
e r a t i o n of h e a v y n u c l e i , ' S i n c e in 
c o s m i c r a d i a t i o n s u c h h e a v y p a r t i ­
c l e s p l a y a n i m p o r t a n t r o l e , t h e y 
w i l l s u r e l y b e p r o d u c e d in t h e B e v a ­
t r o n s o m e d a y '. H e s u g g e s t e d t h e 
e n e r g y o f t h e h e a v y p a r t i c l e s w o u l d 
b e 36 G e V ! 

P e r h a p s t h e m o s t e n c o u r a g i n g f e a ­
t u r e o f t h e t e s t s w a s t h a t a l m o s t i m m e ­
d i a t e l y a f t e r a c h i e v i n g t h e f i r s t e j e c ­
t e d h i g h e n e r g y n i t r o g e n i o n s it w a s 
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poss ib le to supp ly beams of su f f ic ient 
in tensi ty and re l iab i l i t y fo r a s tar t to 
be made on expe r imen ts . The f i rs t 
expe r imen t was to look a long the 
beam at the ' f r agmen ta t i on ' p ro ­
duc ts as the beam passed t h r o u g h a 
ta rget w h i c h c o m e p redominan t l y 
f r om the b reak ing d o w n of the n i t ro ­
gen nuc leus . The su rp r i s ing resul t ap ­
peared that al l f r agmen ts heav ier than 
a lpha par t i c les had v i r tua l l y iden t i ca l 
ve loc i t y to the n i t rogen ions. The se­
para t ion of as in tense as poss ib le 
a beam of any nuc l i de (say a be ry l ­
l ium ion w i t h seven nuc léons) is then 
a s imp le matter , k n o w i n g the cha rge 
and mass of the des i red nuc l i de , of 
se lec t ing app rop r i a te magne t se t t ings 
in a spec t rome te r a r rangemen t . Th is 
is an unexpec ted add i t i ona l e x p e r i ­
menta l poss ib i l i t y w h i c h w i l l a d d to 
the interest of the research p ro ­
g r a m m e . 

The resul ts f r o m Pr ince ton and Ber­
keley have sent a wave of in terest 
wash ing t h rough a w i d e var ie ty of 
Labora to r ies . The re is new po ten t ia l , 
for examp le for cance r therapy , fo r 
heavy ion cosm ic ray research , for 
s tud ies on rad ia t ion in i t ia ted gene t i c 
e f fects , for nuc lea r phys ics , fo r 
' super -heavy ' e lement p r o d u c t i o n , 
etc... 

Berke ley have ( fo l l ow ing the sug ­
ges t ion of the heavy ion l inac, H ILAC, 
team led by A. Gh io rso) been s tudy ing 
the poss ib i l i t y of c o n n e c t i n g , v ia a long 
beam- l ine , the souped up ve rs ion of 
the l inac (Super -H i lac d e s c r i b e d in 
vo l . 1 1 , page 75) to the Beva t ron to 
serve as a f i rs t c lass heavy ion in jec­
tor . The c o m b i n e d mach ines , Bev lac , 
w i l l have a m u c h h igher in tens i ty 
capab i l i t y w i t h the heavy ions than 
has been ach ieved so far and w i l l 
ex tend the ava i lab le range of a c c e l ­
e ra ted ions (e. g. a rgon , e lemen t 18, 
and poss ib ly k ryp ton , e lemen t 36). As 
p lans take de ta i l ed shape w e w i l l no 
doub t be re tu rn ing to the Bev lac p ro ­
jec t . 

The pulsed superconducting magnet, AC3, which 
is operating successfully at the Rutherford 
Laboratory. For convenience it was mounted in 
a vertical cryostat. The magnet has parameters 
close to those which would be appropriate for 
a high energy superconducting synchrotron. 

(Photo Rutherford) 

RUTHERFORD 
Superconducting pulsed 
magnet 

One of the v i ta l ques t ions fo r the 
fu tu re of h igh energy phys ics c o n ­
cerns the deve lopmen t of pu lsed su ­
p e r c o n d u c t i n g magnets (and al l the 
assoc ia ted techno log ies tha t they 
b r ing in the i r wake) to the s tate w h e r e 
they cou ld con f iden t l y and e c o n o m i ­
ca l ly be used in the cons t ruc t i on of 
large synchro t rons . It is on ly by tak­
ing advan tage of the i r po ten t ia l l y 
h igher f ie lds and lower runn ing cos ts 
that w e can , at present , env isage 
push ing synchro t rons to h igher ener­
g ies . In par t i cu la r it has been left 
as an op t i on in CERN Labora to ry II 
that the cons t ruc t i on of Europe 's new 
mach ine cou ld inco rpora te , in one of 
severa l poss ib le ways , pu lsed super ­
c o n d u c t i n g magnets . It is impor tan t 
for th is p ro jec t to know in the fa i r ly 
near fu tu re whe the r such magne ts are 
feas ib le and econom ic . A very encour ­
ag ing demons t ra t i on of the i r feas i ­
b i l i ty has c o m e w i th recent tests at 
the Ruther fo rd Labora to ry of a super ­
c o n d u c t i n g d ipo le mode l known as 
AC3. 

The magnet is 50 c m long (ef fec­
t ive length 40 cm) w i t h an aper tu re 
of 10 c m d iameter . It is des igned to 
g ive a peak f ie ld of abou t 4 T and 
an add i t i ona l insert is now be ing bui l t 
w h i c h w i l l t ake the f ie ld to 4.5 T in 
an 8 c m bore . It is capab le of cyc l i ng 
con t i nuous ly w i t h r ise t imes as shor t 
as 1 to 2 s. 

In t he recent tests it w a s pu lsed 
at 90 % of its c r i t i ca l cu r ren t (5400 A) 
w i t h r ise t imes d o w n to 1 s. The meas­
ured a.c. loss was about 10 W w i t h 
a 4 s cyc le t ime , w h i c h is c lose to the 
expec ted va lue w i t h the par t i cu la r 
c o n d u c t o r used. Th is w a s a c o m ­
pos i te f r om IMI w i t h 1045 f i l aments 
of 0.4 mm d iameter , f o r m e d into a 
90 s t rand t ransposed cab le and then 

c o m p a c t e d to have a square c ross -
sec t ion of 5 mm s ide . The co i l was 
bui l t up of th is c o n d u c t o r so as to 
g ive the app rop r ia te f ie ld geomet ry . 
It was w o u n d in s ix concen t r i c layers 
and fu l l y impregna ted w i t h epoxy 
res in . Mats of c o p p e r w i r e w e r e s a n d ­
w i c h e d be tween the co i l layers to 
car ry the heat, p roduced w h e n the 
co i l is pu l sed , to the l iqu id he l i um. 

The magne t was q u e n c h e d many 
t imes w i t hou t any de te r io ra t ion of its 
pe r f o rmance . Some ' t ra in ing ' (p ro­
g ress ive a p p r o a c h to c r i t i ca l values) 
was obse rved . In the f i rs t c o o l d o w n 
the m a x i m u m cent ra l f i e ld was 3.8 T. 
Th is sor t of f i gu re cou ld be taken 20 
to 40 % h igher in a synch ro t ron by 
a d d i n g an i ron sh ie ld . 

W o r k is con t i nu ing w i t h A C 3 and 
improved var ian ts ( known as A C 4 and 
AC5) , us ing bet ter types of cab le , i ron 
sh ie ld ing and h igher p rec i s ion in the 
w i n d i n g of the co i ls , are on the i r w a y 
fo r 1972. The success fu l tests w i t h 
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A C 3 a r e b e l i e v e d to b e t h e f i r s t d e ­
m o n s t r a t i o n of t h e o p e r a t i o n of a p u l ­
s e d s u p e r c o n d u c t i n g m a g n e t w i t h p a ­
r a m e t e r s ( s u c h as a p e r t u r e , p e a k f i e l d 
a n d o p e r a t i n g c u r r e n t ) c o m p a r a b l e t o 
t h o s e w h i c h w o u l d b e n e e d e d in a 
h i g h e n e r g y 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 . 

Medical applications 
H i g h e n e r g y p h y s i c s has m u l t i p l e r e ­
p e r c u s s i o n s in t h e f i e l d of a d v a n c e d 
m o d e r n i ndus t r y , i n c l u d i n g s u p e r c o n ­
d u c t i v i t y , h i g h v o l t a g e a n d v a c u u m 
t e c h n i q u e s , e l e c t r o n i c s , m e t a l l u r g y , 
e t c . N o w 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 , w h i c h o w e a g r e a t d e a l t o t h e 
w o r k d o n e at C E R N , a r e in t h e i r t u r n 
b e i n g u s e d f o r an i n t e r e s t i n g p u r p o s e 
in t h e f i e l d o f m e d i c a l d i a g n o s i s . 

Mapping the thyroid 

T h e ' C e n t r e d ' E t u d e s n u c l é a i r e s ' in 
G r e n o b l e a f e w m o n t h s a g o u n d e r t h e 
g u i d a n c e o f M. A l l e m a n d b e g a n t o 
s t u d y s y s t e m s f o r m a p p i n g o r g a n s b y 
m e a n s of X o r a ' r a y e m i t t i n g r a d i o ­
i s o t o p e s w h i c h a re d e t e c t e d by h i g h -
e f f i c i e n c y 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 . 

T h e y w o r k o n t h e f o l l o w i n g p r i n ­
c i p l e . T h e p a t i e n t a b s o r b s p r o d u c t s 
c o n t a i n i n g r a d i o - i s o t o p e s w i t h a s h o r t 
l i f e t i m e w h i c h a r e f i x e d in t h e t i s s u e s 
t o b e e x a m i n e d . T h e s e t i s s u e s e m i t 
r a d i a t i o n w h i c h is c o l l i m a t e d by a 
b l o c k p i e r c e d by a s e r i e s of p a r a l l e l 
h o l e s a n d a 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 h o w t h e d i s t r i b u t i o n o f t h e 
r a d i a t i o n w h i c h p a s s e s t h r o u g h . 

A s y s t e m of t h i s k i n d h a s b e e n 
d e v e l o p e d by t h e C E N G f o r t h e 
F a c u l t y of M e d i c i n e at T o u r s ( F r a n c e ) 
a n d is a t p r e s e n t in c l i n i c a l u s e f o r 
m a p p i n g t h e t h y r o i d (a f te r a b s o r p t i o n 
o f 1125) a n d t h e e y e (a f te r a b s o r p t i o n 
o f C s 1 3 1 ) . T h e p r o p o r t i o n a l c h a m b e r 
is f i l l e d w i t h a m i x t u r e of X e - 5 % 
CHU. T h e c o l l i m a t o r h a s 31 X 31 

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

T h e d e v i c e has t h e a d v a n t a g e 
o v e r s c i n t i l l a t i o n c a m e r a s of a m u c h 
s i m p l e r d e s i g n a n d o f b e i n g a d a p t a b l e 
in d i m e n s i o n s , s h a p e a n d e f f i c i e n c y 
t o t h e d i f f e r e n t t y p e s of o r g a n . 
F u r t h e r m o r e , d i r e c t c o d i n g o f t h e 
i n f o r m a t i o n in b i n a r y f o r m g r e a t l y 
f a c i l i t a t e s d a t a a c q u i s i t i o n f o r t h e 
s t u d y o f d y n a m i c f u n c t i o n s . O n t h e 
o t h e r h a n d , t h e s e d e t e c t o r s have l o w 
d e t e c t i o n e f f i c i e n c y w h e n t h e e n e r g y 
of t h e r a d i o - i s o t o p e s is g r e a t e r t h a n 
a b o u t 100 keV . S t u d i e s a r e b e i n g 
c a r r i e d ou t a t t h e C E N G o n t h e use 
of l i q u e f i e d g a s e s ( a r g o n o r x e n o n ) 
t o o v e r c o m e t h i s d r a w b a c k . In 
a d d i t i o n b e t t e r spa t i a l r e s o l u t i o n , 
m i g h t t h e n b e p o s s i b l e w h i c h is n o w 
of i n t e res t t o v a r i o u s h i g h e n e r g y p h y ­
s i c s g r o u p s . ( R e c e n t w o r k o n l i qu i d 
p r o p o r t i o n a l c h a m b e r s at B e r k e l e y 
w i l l b e r e p o r t e d in a c o m i n g i ssue ) . 

Radiography by MPCs 

A t t h e L a w r e n c e B e r k e l e y L a b o r a t o r y 
g r e a t i n t e res t is a l so b e i n g s h o w n 
in t h e m e d i c a l a p p l i c a t i o n s of 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 . T h e a i m 
t h e r e is a l s o t o d e v e l o p a p p a r a t u s f o r 
s t u d y i n g t h e spa t i a l d i s t r i b u t i o n of Y 
a n d X r a d i a t i o n . 

A 20 c m X 20 c m c h a m b e r w i t h 3 
p l a n e s o f w i r e s (x, y a n d o b l i q u e ) 
1 m m a p a r t has j u s t b e e n c o n s t r u c t e d 
f o r t h i s p u r p o s e . It is f i l l e d w i t h a 
m i x t u r e of 94.5 % X e , 5 % C 0 2 a n d 
0 . 5 % f r é o n 1 3 B - 1 . 

E x c e l l e n t X - r a y p h o t o g r a p h s w i t h 
v e r y g o o d d e f i n i t i o n (as c a n b e s e e n 
in t h e f i gu r e ) have a l r e a d y b e e n t a k e n . 
H o w e v e r , in t h i s c a s e t h e m e t h o d is 
n o t b a s e d o n t h e i n g e s t i o n of r a d i o ­
a c t i v e s u b s t a n c e s as in t h e p r e v i o u s 
o n e , b u t o n t h e use of a n X - r a y 
s o u r c e p l a c e d b e h i n d t h e o b j e c t t o b e 
o b s e r v e d . T h e d e t e c t i o n e f f i c i e n c y of 
t h e c h a m b e r is 97 % at 5 k e V a n d 
2 . 5 % at 100 keV . It is a l so i n t e n d e d 

The two photographs on the left show the 
mapping of a thyroid gland by means of a 
system of MPCs associated with a collimator 
with parallel holes : on the left — normal 
thyroid gland, on the right — artificial 
'phantom' thyroid gland in which y-active 
radio-isotopes have been fixed. 

The photo on the right is an X-ray photograph 
of the leaf of a tree taken by means of 
proportional chambers. The 1 mm space between 
the wires gives very good definition. 

to u s e t h e e n e r g y d i s c r i m i n a t i o n 
p o w e r of M P C s in o r d e r t o o b t a i n t h e 
bes t p o s s i b l e c o n t r a s t f o r t h e pa r ­
t i c u l a r o b j e c t o b s e r v e d . 

(See report : Multiwire proportional 
chamber for low X - radiography, 
L. Kaufmann, V. Perez-Mendez, J. S p e -
rinde, G. Stoker). 

And a note on tracers 

A t e a m at B r o o k h a v e n (D.E. L e b o w i t z , 
M. G r e e n e , P. R i c h a r d s a n d M. K i n s ­
ley) has j u s t c o m p l e t e d a s t u d y o n t h e 
p o s s i b l e u s e s f o r m e d i c a l t a g g i n g of 
t w o r a d i o i s o t o p e s , d y s p r o s i u m 157 a n d 
b i s m u t h 204, p r o d u c e d w i t h t h e s i x t y -
i n c h c y c l o t r o n a t t h e L a b o r a t o r y . 

T h e f i r s t o n e , w i t h a ha l f - l i f e o f 8 Vi 
h o u r s , l o d g e s r e a d i l y in t h e m a r r o w 
a n d t h e s k e l e t o n , t h u s a l l o w i n g t h e 
a s s o c i a t e d d i s e a s e s t o b e s t u d i e d . It 
c a n b e p r o d u c e d in l a rge q u a n t i t i e s 
a n d w i t h a h i g h d e g r e e of p u r i t y at 
33 M e V . It has t h e a d v a n t a g e t ha t it 
c a n a l s o b e p r o d u c e d b y s m a l l , l o w e r -
e n e r g y c y c l o t r o n s . 

T h e s e c o n d e l e m e n t has a p a r t i c u ­
lar a f f i n i t y f o r c e r v i c a l t u m o u r s ( a l m o s t 
100 t i m e s g r e a t e r t h a n t h a t f o r t h e 
n e i g h b o u r i n g t i s s u e s , w h e r e a s o t h e r 
c o m p e t i t i v e t r a c e r s have o n l y a 
t w e n t y t i m e s g r e a t e r a f f i n i t y f o r t h e 
t u m o u r ) . T h e i r r a d i a t i o n e n e r g y , a t 
leas t a f e w t e n s of M e V , a n d t h e 
t h i c k n e s s of t h e t a r g e t m u s t b e s e l e c ­
t e d w i t h g r e a t c a r e t o p r e v e n t t h e 
p r o d u c t i o n o f p a r a s i t i c i s o t o p e s l i ke 
b i s m u t h 203 a n d 205. 
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Creusot-Loire 
nucléaire 

Laboratoires de physique nucléaire 
(équipements pour accélérateurs - analyseurs - spectromètres) 

Cern (Genève) 
• c i r c u i t m a g n é t i q u e d u s y n c h r o c y c l o t r o n (2 5 0 0 t o n n e s ) 

• c i r c u i t s m a g n é t i q u e s et c o r p s d e c h a m b r e s à b u l l e s : 

C B H 81 - C B 2 0 0 - G A R G A M E L L E 

• c i r c u i t s m a g n é t i q u e s d e s a i m a n t s O M E G A e t S F M 

( e n c o u r s ) 

• e n c e i n t e m a g n é t i q u e d e la c h a m b r e à b u l l e s B E B C 

(en c o u r s ) 

en France 
• C E A ( S a c l a y ) - S A T U R N E : s t r u c t u r e s d e la c h a m b r e 

v i d e , é l é m e n t s d e s d i s p o s i t i f s d ' i n j e c t i o n , é q u i p e m e n 

d e s s a l l e s d ' e x p é r i e n c e 

• E N S (Orsay ) - A C C E L E R A T E U R L I N E A I R E : s p e c t r o m 

t r è s e t d é v i a t i o n s , c i r c u i t s m a g n é t i q u e s d e l ' a n n e a u < 

s t o c k a g e 

• L A B O R A T O I R E J O L I O T - C U R I E ( O r s a y ) : a n a l y s e u r < 

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

G r â c e à la c o m p l é m e n t a r i t é d e s e s f i l i a l e s e t p a r t i c i p a t i o n s le g r o u p e C r e u s o t - L o i r e p e u t a s s u r e r : 

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

CREUSOT-LOIRE 
DEPARTEMENT NUCLEAIRE 

107 bd de la Mission-Marchand 92-Courbevoie 
Tél. 333 59-99 - 333 60-70 Télex Sider 62039 F 
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La logique des circuits intégrés (ECL), dans laquelle la 
Motorola fait œuvre des pionniers depuis 1962, a été 
enrichie d'une nouvelle unité, la logique MECL10000. 
La MECL 10000 se distingue par un excellent produit 
vitesse-dissipation par 50 pJoules. Partant, elle convient 
particulièrement aux circuits digitaux haute vitesse, tels 

que compteurs haute vitesse, convertisseurs A/D de 
haute vitesse, transmission de données (par ligne tor­
sadée), synthétiseurs de fréquences, mémoires haute 
vitesse. 
La logique comprend les fonctions MSI et LSI en plus 
des fonctions simples. 

•MC10109 4 - 5 Input OR/NOR 
•MC10119 3 - 3 - 3 - 4 Input OR-AND 
•MC10131 Dual D Master-Slave Flip-Flop 
•MC10181 4 Bit Arithmetic Unit 

MC10101 Quad OR/NOR 
•MC10102 Quad 2 Input NOR 
*MC10105 Triple 2 Input OR/NOR 
•MC10106 3 - 3 - 4 Input NOR 

*Déjà disponible 

^010107 Triple Exclusive OR, Exclusive NOR MC10130 
'MC10110 Dual 3 Input 3 Output OR MC10133 
MC10118 Dual 2 Wide 3 Input OR-AND MC10134 

'MC10111 Dual 3 Input 3 Output NOR 
'MC10117 Dual 2-Wide 2 - 3 Input MC10135 

OR-AND/OR-AND-INVERT MC10136 
MC10120 Dual 2-Wide 2 Input MC10139 

AND-OR/AND-OR-INVERT MC10140 
MC10121 3 - 3 - 3 - 3 OR-AND/ MC10141 

OR-AND-INVERT 

Dual D Latch 
Quad D Latch 
Dual D Latch W/2D Inputs 
& Select 
Dual J-K Master Slave Flip-Flop 
4 Bit Universal Counter 
256 Bit Fusible Link ROM 
64 Bit RAM 
4 Bit Universal Shift Register 

*MC10116 Triple OR/NOR 
•MC10115 Quad OR 

MC10160 12 Bit Parity Checker/Generator 
MC10164 8 Line Multiplexer With Enable 

MC10179 Look-Ahead Carry Block 

MC10161 Three Bit Decoder w/two Enables 

MC10162 Three Bit Decoder w/two Enables 

MOTOROLA Semiconductors 

Motorola Semiconductor Products S.A., 8702 Zollikon-Zûrich 
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STEPHEN 

QUARTZ FIBRE POCKET DOSIMETER 
the unfailingly reliable radiation measuring instrument. 

Recharging is effected easily and quickly with the 

STEPHEN BENCH TYPE CHARGING UNIT 
Robust and practical, it is energised by a U2 (1.5 V) 

flashlamp battery. Will charge all standard quartz fibre 
pocket dosimeters. 

Ask for literature 

R.A. STEPHEN & CO. LTD., 
MILES ROAD, MITCHAM CR4 3YP ENGLAND 

High 
Energy 
& Nuclear 
Equipment 
S.A. 

NEW RESPONSIBILITIES 
Tennecomp Systems Inc. — 4 t rack 256 and 512 K 
Word/track Mag. Tape Cartr idge Units for mini-and 
midi -Computers. — DEC, Hewlett-Packard, NOVA, 
Varian, Honeywel l , etc. 
Input Output Computer Services Inc. — Anagrafic 
Computer ized System for Digi t iz ing and Processing 
Graphical Data in many forms. PAK plug- in wi th Soft­
ware, Graf/Pen and Hardware Interface for PDP 8. 
Adar Associates Inc. — Precision Digital Test equip­
ment inc lud ing Computer ized System for test ing 
Random Access Memories, read-only memories, shift 
Registers, Random logic etc. complete with Micro-
Programmer and many opt ions - Parametric tests in­
c lude stress, leakage, breakdown and cont inui ty. 

N O T E 
The equipment manufactured by our Pr incipals is wel l known at leading 
Research Centres, Universit ies, Hospitals and Industrial Establishments 
throughout the wor ld Nuclear Health & Medical Physics, Nuclear, Medi ­
cine, Life Sciences and Industrial Nuclear Laboratories can be furnished 
completely and you can call on the vast knowledge and resources of 
our Principals to do all your system and equipment planning free of 
charge. We can put you in touch with Physicists, Chemists, Medical 
Special ists, Engineers and Administrators who recently have completed 
the type of equipment survey wi th which you may now, or soon wi l l be, 
faced — save your t ime and your organizat ions'money by contact ing 
HENESA. 

P R I N C I P A L S 
Nuclear Enterprises Ltd. 
S.E. Laboratories (ENG.) Ltd. 
D.A. Pitman Ltd. 
Computer Instrumentation Ltd. 
20th Century Electronics Ltd. 
Scientifica & Cook Electronics Ltd. 
Lan-Electronics Ltd. 
T.E.M. Instruments Ltd. 

Simtec Industries Ltd. 
Johnston Laboratories Inc 
Scientif ic Research Instruments Corp 
Electronics & Alloys Inc 
The Cyclotron Corporation 
Bren D'Amour (BRECO) 
C.S. Italia 
Laben 

A great deal of the equipment supplied by our Principals can now be 
offered on credit terms of payment over a period of years. 

CONTACTS 
Ronald Stiff or Personal Assistant in Geneva 
Carlos Perez or Angel Vega in Madrid 
Manuel da Costa or Armando Tavares in Lisbon 

ADDRESSES 
2, chemin de Tavernay, 

TELEPHONE NO'S 
022 98 25 83 

1218 Geneva, Switzerland 022 98 25 82 
Marques de Urquijo 44, Madrid 8 248 96 02 
Estrada D o c o do Châo 69, Lisboa 4 70 56 71 

All telex messages to 23429 (answer back 'stiff ch') 
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seconds make10,000 hours 
In n u c l e a r p h y s i c s y o u n e e d abso lu t e a c c u r a c y a n d 
l o n g - t e r m rel iabi l i ty f rom y o u r e l ec t ron ic t u b e s . E s p e ­
cial ly t h y r a t r o n s . EEV t h y r a t r o n s can b e f i red wi th 
n a n o - s e c o n d p r e c i s i o n , with r epe t i t ion r a t e s of u p to 50 
kHz d u e to v e r y r a p i d de ion i sa t ion charac te r i s t i c s . 
L o n g life - 1 0 , 0 0 0 h o u r s can b e a c h i e v e d - e n a b l e s EEV 
c e r a m i c t h y r a t r o n s to b e b o l t e d into the circuit a s with 
p a s s i v e c o m p o n e n t s . 

EEV t h y r a t r o n s m e e t t he d e m a n d s of ma jo r n u c l e a r 
p h y s i c s app l i ca t ions : 

In l i nea r a c c e l e r a t o r s t h e y can wi ths tand p e a k in­
v e r s e v o l t a g e s u p to 20 kV following a p u l s e , a n d t h e y 
g i v e t r oub l e - f r ee o p e r a t i o n in oil-filled e q u i p m e n t . 

In pa r t i c l e a c c e l e r a t o r w o r k m i s s e d p u l s e s a r e . r a r e . 
A n n u l a r cur ren t - f low m e a n s r a p i d p e a k - c u r r e n t 

swi tch ing , too, wi thout r i sk of a r c ext inct ion. 
In s p a r k c h a m b e r s EEV t h y r a t r o n s will e l imina te 

s p u r i o u s firing, a n d j i t ter c a n b e k e p t as low as 1 n s . 
T h e CXI 154 for e x a m p l e o p e r a t e s o v e r a w i d e r a n g e 
of H.T. v o l t a g e s at c u r r e n t s u p to 10 kA without s ign i ­
ficant c h a n g e in cha rac te r i s t i c s , so d r i v e units can b e 
u s e d wi th different c h a m b e r s - a n d the low t r i g g e r 
v o l t a g e m e a n s that s i m p l e firing circui ts a r e p o s s i b l e . 

So, w h e t h e r y o u ' r e c o n c e r n e d abou t n a n o - s e c o n d s 
o r t h o u s a n d s of h o u r s , spec i fy EEV thy ra t rons . A n d 
r e m e m b e r that EEV also m a k e ign i t rons , p h o t o t u b e s , 
s t o r a g e t u b e s , i m a g e intensif iers , v a c u u m capac i to r s , 
s p a r k g a p s , RF t u b e s (l ike t e t r o d e s for d r i v i n g RF 
s e p a r a t o r s ) a n d m a g n e t r o n s e spec i a l ly & 
for l i n e a r a c c e l e r a t o r s . S e n d for deta i ls . 

EEV know how. 
ENGLISH ELECTRIC VALVE CO. LTD., Chelmsford, Essex, England, CM1 2QU. Tel: 0245 61777. Telex: 99103. Grams : Enelectico Chelmsford. I 

CRC 

a team at your service... 

ALL CRYOSTATS 
ALL COILS 

LABORATOIRES de 
MARCOUSSIS 

Centre de Recherches de la Compagnie Générale d'Electricité 
91-Marcoussis-France-Tél.:(1) 9012002-Télex 26877-LABMARCO 
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For the purposes of laboratories and research centres in the field of liquid 
helium storage and handling, we offer a wide range of equipment constructed 

according to peak techniques. 

1000 I. 500 I. 250 I. 100 I. 501. 251. 25 I. 

RS1000 RS500 RS100 RS50 RS25 VS25 

LAIR LIQUIDE 
DIVISION MATÉRIEL CRYOGÉNIQUE 
57 , avenue Carnot 94 - CHAMPIGNY s/MARNE - FRANCE 
Tél. 8 8 3 - 9 7 - 4 0 - Télex CHAMPALCHAMP 23.884 
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H e r e t h e C R T D I S P L A Y modules 
In the last month's we showed the SCALERS 
and I / O REGISTERS. C A M A C 
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and the CONVERTERS and TIMERS? You will find them next month. 

Denmark: JOHN FJERBAEK i/s, Ingenior, M. AF I. 
Hoeghsmindevej 23 - 2820 Gentofte/Copenhagen 

France: SAIP, 38, rue Gabriel Crié - 92 - Malakoff 
Germany. HERFURTH GmbH, 
Benelux • Beerenweg 6/8-D 2000 Hamburg 50 (Altona) 

Italy: ORTEC-ltalia SRL •• Via Monte Suello 19 - 20133 Milano 
Sweden : POLYAMP AB - Toppvàgen 20 - Jakobsberg 
U.K.: NUCLEAR MEASUREMENTS 

Dalroad Industrial Estate, Dallow Road, Luton/Beds. 
U.S.A.: ORTEC INC. - 100 Midland Road - Oak Ridge, Tenn. 37 830 





Quand un câble de télévision est-il parfait?  
Lorsque vous oubliez qu'il existe I 

Les câbles de télévision Dàtwyler garantissent une transmission parfaitement fidèle des signaux de télé­
vision, de la caméra à l'émetteur, et de l'antenne au récepteur. Dans le domaine de la télévision industrielle, 
le nombre des possibilités et applications des câbles à haute fréquence Dàtwyler est impressionnant. Le 
problème de la surveillance des endroits éloignés ou inaccessibles est ainsi facilement résolu. Selon l'uti­
lisation, les câbles peuvent être combinés avec un nombre quelconque de fils de commande et de signa­
lisation, de telle sorte qu'un seul câble d'un encombrement réduit, vient à bout de nombreuses missions. 
Sur demande, tous les câbles coaxiaux et de télévision industrielle Dàtwyler sont livrables en exécution 
«Isoport» ; la corde d'acier insérée dans la gaine donne à ce câble la qualité d'autoporteur. Nos tech­
niciens sont prêts à tout moment pour résoudre avec vous vos problèmes de câbles, s'il s'agit d'exécution 
spéciale de câbles à hautes fréquences ou à fréquences audibles, radar, radio, télévision, électronique, re­
cherche et application médicales, industrielles ou nucléaires !  

UâtwylEr 
audibles  

Dàtwyler SA, Manufacture Suisse de Câbles, Caoutchouc et Plastique Industriels, Altdorf-Uri 

Câbles pour hautes fréquences 
et fréquences 
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Stabilised DC power... 
Brentford performance keeps ahead 

MBack in the early 60's, we supplied DC power stabilised to 1 part in 
1000 long term, including ripple,for the beam line magnets of the 
'Nimrod' proton synchrotron atthe Rutherford High Energy Laboratory 
in the U.K. On our latest installations we are doing better than 1 part in 
100,000. 
The reason could be summed up in one word. Experience. Since the 
50's, we have developed stabilised DC power supplies from 10 to 
10,000 KW, 50,000 amperes. Our reputation as specialists has taken 
our equipment into many advanced projects-into CERN Switzerland, 
the Culham and Harwell laboratories of the U.K.A.E.A., the Rutherford 
and Daresbury laboratories of the Science Research Council, the 
Argonne and National Accelerator laboratories U.S.A., and Heidelberg 
and D.E.S.Y. in West Germany. 
As our experience grows, our designs achieve ever tighter tolerances. 
We can hold that beam steady, even with coincidence of load resist­
ance changes, ambient temperature changes, frequency variations, 
step functions and slow rate changes in the AC supply. 

B H M H O T W I S ^ ^ M M M H H H While you search deeper and deeper into the nature of matter - leave 
K J p I m t h e DC power problems to Brentford. 

IffMJMI'ffl B R E N T F O R D * 

KES^PSSflSlB / ï ï ï l Brentford Electric Limited, Manor Royal, Crawley, Sussex, England *vsr 
B i à ' ! i M r i # r ( H i W f f M ^ 1 Bl\ Telephone: Crawley (0293) 27755 Telex: 87252 the queens award 

MMÏf7TOICTAI»jr.ltr.1FIJl̂ lf»NlirJ*CTTC3l̂ raÉ^^^^^^^M W ^ J I - i I | - j T . ' 1 0 _ TO INDUSTRY 1971 

• • • • • • • • t l l l H ™8Sy Cables: Breco Telex Crawley Sussex a m e m b e r o f t h e g h p g r o u p for technical innovation 

lpartin 
100.000 
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Swiss Agents : High Energy and Nuclear Equipment S.A., 
— 2, chemin de Tavernay, Grand-Saconnex, 1218 Geneva, te l . (022) 98 25 82 - 98 25 83 



Now: CAMAC f lex ib i l i ty 
for your PDP11 -based system 

• ••and EG&G'sBDOll 
Branch Driver 
makes it easy 

The new EG&G Model BD011 PDP11/CAAAAC Branch 
Driver interfaces your PDP11 to a CAAAAC branch high­
way in full conformance to EUR-4600e requirements. 
Easily integrated into any PDP11 peripheral configura­
tion, the BD011 extends CAMACs flexibility into the 
computer and provides an integrated computer-based 
data logging and control system. 
• As a system element, one BD011 will support up to 

seven CAMAC crates, and multiple BD011 's can be inte­
grated into a single system. 

• Designed to take maximum advantage of the address­
ing structure, software and timing flexibility of the 
PDP11. 

• Transfers single CAMAC data words via Programmed 
Data Transfer; or if so instructed, becomes BUS Master 
and transfers blocks of contiguous data via DMA. 

I I B r a n c h D r i v e r Test M o d u l e T M 0 2 4 

111 • Functions as an integral part of the 
system diagnostic software 
and allows CAAAAC arrays to be de­

iB bugged to the module level. 
flh • Double-width CAAAAC module. 

IIP • Diagnostic and data-handler software 
provided. 

Contact EG&G or your nearest EG&G Sales Office for 
complete details of the BD011, TM024, and our other 
CAMAC system products. 

N U C L E A R I N S T R U M E N T A T I O N D I V I S I O N 

35 Congress Street, Salem, AAass. 01970 U.S.A. 
Phone (617) 745-3200. Cables: EGGINC-SALEAA. 
TWX: 710-347-6741. TELEX: 94969 



C E I I T R O n i C „ 
S H O U J C n S E <8» 
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SOLID STATE 
DETECTORS 
Detectors can be 
supplied for all 
types of particle 
spectroscopy and 
radiation detection. 
For example: 
Surface Barrier 
Position Sensitive 
Lithium Dri f ted 

Sil icon 
Lithium Dri f ted 

NEUTRON 
DETECTORS 
Centronic experience 
covers : 
Fission Chambers 
Ionisation 

Chambers 
Proport ional 

Counters: 
Boron Trif/uoride 
Boron Lined 
Helium 3 
Neutron REM 
Dosimeters 

This is from 
my collection of 

Radiation 
Detec tors 

I f s a t y p e B . I N H a l o g e n q u e n c h e d 
G e i g e r C o u n t e r t u b e , 3 0 m m l o n g x 

3 m m d i a . , o p e r a t i n g i n t h e r a n g e o f 
3 0 0 - 7 0 0 V — a n d i t ' s o n e o f t h e m a n y t y p e s 
o f r a d i a t i o n d e t e c t o r s m a n u f a c t u r e d 
b y C e n t r o n i c . T h e s e i n c l u d e S o l i d S t a t e 
d e t e c t o r s , P r o p o r t i o n a l c o u n t e r s a n d 
N e u t r o n D e t e c t o r s as w e l l as G e i g e r 
C o u n t e r s , f o r a , fi, y, X - R a y a n d N e u t r o n 
m e a s u r e m e n t s . O v e r m a n y y e a r s o f 
d e v e l o p m e n t — f r o m s p e c i a l p r o t o t y p e s 

t o q u a n t i t y p r o d u c t i o n — 
C e n t r o n i c h a v e b u i l t a n 
e x t r e m e l y v a r i e d a n d 
n u m e r o u s r a n g e . I n d i v i d u a l 
l ea f l e t s ( o r a b i g 
c o m p r e h e n s i v e c a t a l o g u e ) 
a re a v a i l a b l e o n r e q u e s t . 
If a n y o n e c a n h e l p y o u , 
C e n t r o n i c c a n . 

GEIGER COUNTERS 
Centronic halogen 
and organic vapour 
quenched tubes 
include the following 
ranges : 
Gamma sensitive 
Beta-Gamma 
Liquid sampling 
Mica and glass 

end-window 
Liquid and 

gas f l o w 

(^5 ) m h century electronics ltd 
Centronic Works, King Henry's Drive, New A d d i n g t o n 

Croydon, CR9 OBG, England. Telephone Lodge Hil l 2121 

High Energy and Nuclear Equipment S.A. 
2, chemin de Tavernay, Grand-Saconnex 
1218 Genève, Switzerland 
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from components to complete 
facilities all accelerators 

for all particles energies and power 

THOMSON-CSF 
DEPARTEMENT ACCELERATEURS 

DOMAINE DE CORBEVILLE / BP. 10/91 ORSAY / FRANCE / TEL. 928.47.20 
IN USA : 

THOMSON-CSF INCORPORATED 
445, PARK AVENUE / NEW YORK / NY. 10022 



: * : 4 direct-coupled inputs accept NIM 
normal or complement fast logic 
signals. 

* Double pulse resolution < 6 ns. 

* Selectable bin gate for slower sys­
tem gating. 

: 2 : Direct-coupled Veto input provides 
leading edge inhibit to reject un­
wanted data. 

^ : l npu t programming pins select 
participating inputs; no need to re­
move cables to disable inputs. 

322 Full logic capability: ANDing, OR-
ing, majority, inhibit, and comple­
mentary logic. 

* High fan-out: 4 negative and 2 com­
plementary outputs br idged for 
splitting, back-terminating, or clip­
ping. 

5 Coincidence widths from 1 ns up. 

M.2 ns output risetimes. 

: No multiple pulsing: one and only 
one output is produced regardless 
of input amplitudes or durations. 

: Low stage delays. 

: Compact packaging: two channels 
per module; 24 channels per power 
bin mean smaller systems, shorter 
system propagation delays, up to 
75% fewer power chassis. 

: Flexible outputs: Model 364 offers 
either time overlap or fixed 3.5 ns 
duration; Model 365 offers dead-
timeless updating operation plus 
adjustable output durations from 
3-50 ns. 

Deve loped fo r 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 in 
B a t a v i a , I l l ino is , t h e s e h i g h - p e r f o r m a n c e c i r c u i t s u t i l i z e 
t h e C A M A C - c o m p a t i b l e L e m o - t y p e c o n n e c t o r , t h e s i n g l e -
w i d t h N I M modu le , a n d M E C L I I I i n t e g r a t e d c i r c u i t s t o 
a c h i e v e a r e m a r k a b l e i n c r e a s e in c i r c u i t c o m p a c t n e s s a n d 
t h e n u m b e r of a v a i l a b l e logic f u n c t i o n s . S y s t e m - w i s e , 
t h i s m e a n s l ower cos t t h r o u g h f e w e r m o d u l e s a n d p o w e r 
c h a s s i s , s h o r t e r t i m e de l ays , a n d e n h a n c e d r e l i a b i l i t y . 

Only L R S is n o w of fe r ing a c o m p l e t e l ine of c o m p a t i b l e , 
c o m p a c t i n s t r u m e n t s , i n c l u d i n g d i s c r i m i n a t o r s , a m p l i ­
fiers, f a n - i n s , f a n - o u t s , a n d C A M A C d a t a a c q u i s i t i o n 
m o d u l e s . L e a d e r in co inc idence ! L e a d e r in C A M A C ! Look 
to L R S fo r t h e l a t e s t in s t a t e - o f - t h e - a r t de s ign , f o r p e r ­
f o r m a n c e a n d d e p e n d a b i l i t y . F o r c o m p l e t e spec i f ica t ions 
a n d a p p l i c a t i o n s a s s i s t a n c e , c o n t a c t t h e L R S N u c l e a r 
Sa les D e p a r t m e n t o r y o u r n e a r e s t L R S Sa le s E n g i n e e r . 


