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CERN News Schematic diagram of a field shield. Currents (I) 
are established in the superconducting cylinder, 
constructed in two half-shells (b), so as to 
oppose the applied field (B) and shield the 
volume inside the cylinder. Construction of the 
field shield is completed by an outer retaining 
cylinder (a) and an inner support tube (c). 

The composition of the superconducting half-
shells is picked out top left : (1) aluminium strip, 
(2) niobium-titanium superconductor, (3) mesh 
which allows the passage of the helium for 
cooling. 

Field shields and 
persistent magnets 
W e h a v e no t l i v e d l o n g e n o u g h w i t h 
o u r k n o w l e d g e o f t h e p h e n o m e n o n o f 
s u p e r c o n d u c t i v i t y t o h a v e l e a r n e d 
m o r e t h a n a f e w of t h e w a y s in w h i c h 
w e c a n u s e it. In h i g h e n e r g y p h y s i c s 
L a b o r a t o r i e s w e a r e b e c o m i n g f a m i l i a r 
w i t h i ts u s e in d .c . m a g n e t s w h e r e t h e 
p r o p e r t i e s of z e r o r e s i s t i v i t y , c o m 
b i n e d w i t h h i g h c r i t i c a l f i e l d a n d 
p o t e n t i a l h i g h c u r r e n t d e n s i t y , g i v e 
h i g h e r f i e l d s in s m a l l e r m a g n e t s f o r 
e q u i v a l e n t p e r f o r m a n c e a n d g i v e 
m u c h l o w e r p o w e r c o n s u m p t i o n t h a n 
c o n v e n t i o n a l e l e c t r o m a g n e t s . W e a r e 
a l s o w e l l o n t h e w a y t o h a v i n g s u p e r 
c o n d u c t i n g r.f. l i n a c s a n d s e p a r a t o r s , 
w i t h l o w p o w e r c o n s u m p t i o n a n d h i g h 
e l e c t r i c a l f i e l d g r a d i e n t s , a n d t o 
h a v i n g 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 s (as d i s c u s s e d in t h e M a y i ssue ) 
s u c h a s m i g h t b e u s e d in a s y n c h r o 
t r o n . 

T h e m a g n e t a p p l i c a t i o n s t h a t w e 
h a v e m e n t i o n e d a r e h o w e v e r ' c l a s s i 
c a l ' in t h e s e n s e t h a t h a v i n g w o u n d 
a m a g n e t w i t h a p a r t i c u l a r c o n f i g u 
r a t i o n o f c o n d u c t o r w e h a v e s e t o u r 
f i e l d d i s t r i b u t i o n a n d c a n o n l y v a r y 
t h e f i e l d s t r e n g t h b y c h a n g i n g t h e 
a m o u n t o f c u r r e n t p a s s e d t h r o u g h t h e 
c o n d u c t o r . A n e n t i r e l y d i f f e r e n t u s e 
o f t h e p r o p e r t i e s o f T y p e II s u p e r 
c o n d u c t o r m a k e s it p o s s i b l e t o b u i l d 
' f i e l d s h i e l d s ' ( to s h i e l d a v o l u m e f r o m 
e x t e r n a l f i e l d s ) o r ' p e r s i s t e n t m a g n e t s ' 
( to r e t a i n w i t h i n a v o l u m e a n a l r e a d y 
e s t a b l i s h e d f i e l d ) . 

N a t u r e t e n d s t o r es i s t c h a n g e . W e 
c a n o b s e r v e t h i s m e c h a n i c a l l y w h e n a 
c a r s h o w s i ts i n c l i n a t i o n t o c a r r y o n in 
a s t r a i g h t l i ne r a t h e r t h a n t u r n a 
c o r n e r a n d w e c a n o b s e r v e t h i s e l e c -
t r o m a g n e t i c a l l y w h e n w e t r y t o c h a n g e 
a m a g n e t i c f l u x . A f l u x c h a n g e w i l l 
i n d u c e c u r r e n t s in a c o n d u c t o r w h o s e 
e f f e c t w i l l b e t o s e t u p m a g n e t i c f i e l d s 
t o r e t a i n t h e s t a t u s q u o . W i t h n o r m a l 

c o n d u c t o r t h i s is no t a l o n g - l i v e d 
p h e n o m e n o n b e c a u s e t h e r e s i s t a n c e 
o f t h e c o n d u c t o r w i l l c a u s e t h e i n 
d u c e d c u r r e n t s t o d i e a w a y v e r y 
q u i c k l y . B u t w i t h s u p e r c o n d u c t o r 
w h i c h h a s z e r o r e s i s t a n c e t h e i n d u c e d 
c u r r e n t s c a n p e r s i s t f o r a s l o n g as 
t h e s u p e r c o n d u c t i n g p r o p e r t y is 
r e t a i n e d . 

O f t e n t h i s c a n b e a p r o b l e m ( fo r 
e x a m p l e , in t h e c o i l s f o r t h e l a r g e 
E u r o p e a n B u b b l e C h a m b e r , B E B C , 
w h e r e t h e b u i l d u p o f m a g n e t i z a t i o n 
c u r r e n t s c o u l d r e a c h h i g h l e v e l s a n d 
l e a d t o f i e l d d i s t o r t i o n ) . M o d e r n 
s u p e r c o n d u c t i n g m a g n e t s a r e s p e c i a l 
ly d e s i g n e d t o k e e p m a g n e t i z a t i o n 
c u r r e n t s l o w ( m u l t i f i l a m e n t c o n d u c 
t o r s , t w i s t e d a n d t r a n s p o s e d ) . B u t , a s 
u s u a l , w h a t is a s o u r c e o f t r o u b l e in 
s o m e c a s e s c a n b e u s e d t o a d v a n t a g e 
in o t h e r s . 

If t h e s u p e r c o n d u c t o r e n c l o s e s a 
v o l u m e ( f o r e x a m p l e , t h e i n s i d e o f a 
c y l i n d e r o f s u p e r c o n d u c t o r ) a n d is 

a r r a n g e d s o a s t o e n c o u r a g e t h e b u i l d 
u p o f h i g h p e r s i s t e n t m a g n e t i z a t i o n 
c u r r e n t s , t h e n t h e v o l u m e c a n b e 
p r o t e c t e d f r o m a r i s i n g e x t e r n a l f i e l d . 
A l t e r n a t i v e l y , t h e r e m o v a l o f a n a p 
p l i e d f i e l d w h i c h h a s a l r e a d y e s 
t a b l i s h e d a f i e l d i n s i d e t h e v o l u m e 
( p r i o r t o t h e c o n d u c t o r b e i n g c o o l e d 
t o t h e s u p e r c o n d u c t i n g s t a te ) w i l l b e 
o p p o s e d b y t h e s u p e r c o n d u c t o r b y 
s e t t i n g u p m a g n e t i z a t i o n c u r r e n t s 
w h i c h r e t a i n t h e f i e l d i n s i d e t h e 
v o l u m e . S u c h ' p e r s i s t e n t m a g n e t s ' w i l l 
r e t a i n t h e i r f i e l d i n d e f i n i t e l y s o l o n g 
a s t h e y a r e k e p t s u f f i c i e n t l y c o l d t o 
r e t a i n t h e s u p e r c o n d u c t i n g p r o p e r t y . 
F i e l d s o f a l m o s t a n y c o n f i g u r a t i o n c a n 
b e s h i e l d e d o r t r a p p e d in a v o l u m e 
p r o v i d e d t h a t s u p e r c o n d u c t i n g p a t h s 
in t h e s u r r o u n d i n g w a l l s a r e a v a i l a b l e 
f o r t h e c u r r e n t s in a l l d i r e c t i o n s . 

T h e l e v e l o f f i e l d w h i c h c a n b e 
s h i e l d e d o r t r a p p e d is a f u n c t i o n o f 
t h e t o t a l p e r s i s t e n t m a g n e t i z a t i o n 
c u r r e n t w h i c h c a n b e b u i l t u p in t h e 
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Schematic diagram of how the field shield to be 
built for the 2 m hydrogen bubble chamber will 
be used. The superconducting cylinder (C) is 
located in its cryostat (B) in the beam entry 
gap of the magnet yoke (A). Low energy charged 
particles can pass through the bore of the 
cylindrical shield uninfluenced by the stray 
magnetic field, through an attenuator (D), so 
that they curve within the visible volume of 
hydrogen (E). 

Two magnets (one of the focusing and one of 
the defocusing type) which are powered in series 
with the magnets in one ring of the ISR. Two 
others are in series with the other ring. The 
magnets sit in the Reference Unit Room and are 
used in monitoring and controlling the ISR 
magnetic fields. The computer (a Hewlett 
Packard 2114) used in the system is on the 
left of the photograph. 

s u p e r c o n d u c t o r . T h i s t e n d s t o b e 
l i m i t e d b y t h e f a c t t h a t , a s f i e l d 
p e n e t r a t e s f u r t h e r a n d f u r t h e r f r o m 
t h e c o o l e d s u r f a c e o f t h e s u p e r 
c o n d u c t o r , m o r e a n d m o r e h e a t is 
p r o d u c e d (by t h e m o v i n g f i e l d ) a n d it 
b e c o m e s p r o g r e s s i v e l y m o r e d i f f i c u l t 
t o g e t it o u t , r e s u l t i n g f i n a l l y in a 
r u n - a w a y t e m p e r a t u r e i n c r e a s e w h i c h 
t e m p o r a r i l y d e s t r o y s t h e s u p e r c o n 
d u c t i n g s t a t e . T o a v o i d s u c h ' f l u x 
j u m p s ' it is u s u a l l y n e c e s s a r y t o d i v i d e 
u p t h e s u p e r c o n d u c t o r in s o m e w a y s o 
t h a t n o p a r t o f it is v e r y f a r f r o m t h e 
l i q u i d h e l i u m . Pas t w o r k h a s g e n e r a l l y 
r e l i e d o n t h e p o r o u s n a t u r e o f s i n t e r e d 
n i o b i u m - t i n t o g e t t h e h e l i u m a r o u n d , 
b u t m a n u f a c t u r i n g d i f f i c u l t i e s m a k e 
t h i s t e c h n i q u e u n s u i t a b l e f o r l a r g e 
s t r u c t u r e s . 

F o r t u n a t e l y , it is n o t a l w a y s n e c e s 
s a r y t o p r o v i d e s u p e r c o n d u c t i n g p a t h s 
in a l l d i r e c t i o n s . C u r r e n t s a r e n e v e r 
r e q u i r e d t o f l o w p a r a l l e l t o t h e f i e l d 
d i r e c t i o n a n d , in m o s t g e o m e t r i e s , t h e 

r e q u i r e d s u p e r c o n d u c t i n g p a t h s in 
d i r e c t i o n s p e r p e n d i c u l a r t o t h e f i e l d 
c a n b e p r o v i d e d by s u i t a b l y a r r a n g e d 
s t a c k s o f t h i n s h e e t s of s u p e r c o n 
d u c t o r . T h i s a l l o w s s p a c e b e t w e e n 
t h e s h e e t s f o r t h e h e l i u m a n d s o m e 
h i g h c o n d u c t i v i t y n o r m a l m e t a l t o s t o p 
a f l u x j u m p in o n e l aye r f r o m p r o 
p a g a t i n g t o t h e res t . U s i n g t h i s t e c h 
n i q u e v e r y l a r g e t o t a l p e r s i s t e n t 
m a g n e t i z a t i o n c u r r e n t s c a n b e b u i l t 
u p a n d it s e e m s t h a t t h e s i z e o f 
s t r u c t u r e is o n l y l i m i t e d b y t h e d i 
m e n s i o n s o f s u p e r c o n d u c t i n g s h e e t 
w h i c h c a n b e p r o d u c e d . 

T h e p a r t i c u l a r p r o b l e m w h i c h h a s 
p r o m o t e d i n t e r e s t in t h i s t o p i c a t 
C E R N is t h a t of c h a n n e l l i n g l o w 
m o m e n t u m p a r t i c l e s t h r o u g h t h e s t r a y 
f i e l d o f a l a r g e d e t e c t o r m a g n e t . 
G e t t i n g 500 t o 800 M e V / c c h a r g e d 
p a r t i c l e s i n t o t h e 2 m h y d r o g e n b u b b l e 
c h a m b e r a t f u l l n o m i n a l f i e l d o f 1.75 T 
r e q u i r e s a f i e l d - f r e e b e a m p a t h o f 
a b o u t 15 c m d i a m e t e r a n d s e v e r a l 

m e t r e s l o n g , i n c l i n e d at a b o u t 25° t o 
t h e n o r m a l p a r t i c l e b e a m a x i s s o t h a t 
t h e p a r t i c l e s s t a y w i t h i n t h e v i s i b l e 
v o l u m e w h e n c u r v e d b y t h e f i e l d i n 
t h e c h a m b e r . S u c h a f i e l d - f r e e b e a m 
p a t h c a n b e p r o v i d e d in t h e b o r e o f 
a t u b e m a d e o f c o n c e n t r i c l a y e r s o f 
s u p e r c o n d u c t i n g s h e e t s , s u i t a b l y 
c o o l e d a n d s t a b i l i z e d . T h e s t r a y f i e l d 
o f t h e b u b b l e c h a m b e r m a g n e t is 
p e r p e n d i c u l a r t o t h e t u b e a x i s a n d t h e 
c u r r e n t s i n d u c e d in t h e w a l l w h e n t h e 
f i e l d is f i r s t a p p l i e d h a v e t h e s a m e 
c o n f i g u r a t i o n a s in a ' s a d d l e w o u n d ' 
d i p o l e . T h e s e c u r r e n t s a r e no t r e 
q u i r e d t o c r o s s t h e p l a n e b i s e c t i n g 
t h e c y l i n d e r p e r p e n d i c u l a r t o t h e f i e l d 
d i r e c t i o n , s o t h e c y l i n d e r c a n b e m a d e 
f r o m t w o h a l f - s h e l l s . T h i s m e a n s t h a t 
t h e r e q u i r e d w i d t h o f s u p e r c o n d u c t i n g 
s h e e t is ha l f t h e m a x i m u m c i r c u m 
f e r e n c e ( a b o u t 30 c m in t h i s c a s e ) . 

A n e x p e r i m e n t a l p r o g r a m m e t o 
i n v e s t i g a t e t h e b e h a v i o u r of t h i s t y p e 
o f s h i e l d i n g t u b e is u n d e r w a y in t h e 
L o w T e m p e r a t u r e L a b o r a t o r y o f t h e 
T r a c k C h a m b e r s D i v i s i o n . A n u m b e r 
o f t e s t s h a v e b e e n d o n e o n 18 c m 
l o n g c y l i n d e r s w i t h i n t e r n a l d i a m e t e r 
o f 25 m m a n d w i t h w a l l s 15 m m t h i c k , 
m a d e u p o f c o n c e n t r i c l a y e r s o f 
0.1 m m n i o b i u m - t i t a n i u m a l l o y s h e e t , 
i n t e r l e a v e d w i t h n o r m a l m e t a l a n d 
p r o v i d e d w i t h a c c e s s f o r l i q u i d h e l i u m . 
T h e m a x i m u m a p p l i e d t r a n s v e r s e f i e l d 
w h i c h h a s b e e n s h i e l d e d b y t h e s e 
c y l i n d e r s t o d a t e is 2.6 T — a n 
e n c o u r a g i n g r e s u l t s i n c e f e w e x i s t i n g 
l a r g e d e t e c t o r m a g n e t s h a v e f i e l d s 
m u c h h i g h e r t h a n t h i s . T h e o r e t i c a l l y , 
s u c h c y l i n d e r s , w i t h 0.1 m m t h i c k 
N b T i , s h o u l d b e a b l e t o s h i e l d a b o u t 
3.4 T, s o t h e r e is s t i l l s o m e r o o m f o r 
i m p r o v e m e n t . 

A t e s t c y l i n d e r o f t h e s a m e b o r e , 
b u t o n l y 3.6 m m t h i c k , m a d e f r o m 
Nb3Sn r i b b o n s h i e l d e d a b o u t 3.7 T a n d 
a s m a l l o n e , 10 m m b o r e a n d 50 m m 
l o n g , s h i e l d e d o v e r 4.1 T. T h e s e r e 
s u l t s c o r r e s p o n d f a i r l y w e l l w i t h t h e 
t h e o r e t i c a l p r e d i c t i o n s , b u t Nb3Sn 
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r i b b o n is e x p e n s i v e a n d n o t y e t c o m 
m e r c i a l l y a v a i l a b l e in r e q u i r e d s i z e s . 

T h e N b T i c y l i n d e r s h a v e t r a p p e d 
f i e l d s o f u p t o 2.3 T a n d o n o n e 
o c c a s i o n t h e f i e l d w a s k e p t f o r s e v e n 
d a y s b e f o r e b e i n g d e l i b e r a t e l y d e 
s t r o y e d b y h e a t i n g t h e c y l i n d e r . 
V a r i a t i o n o f f i e l d d u r i n g t h i s t i m e , if 
a n y , w a s l ess t h a n a f e w p a r t s in 
1 0 5 — t h e d e t e c t i o n l i m i t o f t h e 
i n s t r u m e n t a t i o n . T h e s m a l l Nb3Sn 
c y l i n d e r h a s b e e n m a d e t o t r a p 4.2 T. 

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

It a p p e a r s p o s s i b l e t o m a k e p e r 
s i s t e n t d i p o l e m a g n e t s o f s i m i l a r s i z e 
a n d f i e l d l e v e l s t o e x i s t i n g c l a s s i c a l 
b e n d i n g m a g n e t s a n d t h e r e is g o o d 
h o p e o f a c h i e v i n g t w i c e t h e s e f i e l d 
l e v e l s . S u c h m a g n e t s s h o u l d b e c o n 
s i d e r a b l y c h e a p e r t h a n c o m p a r a b l e 
s u p e r c o n d u c t i n g e l e c t r o m a g n e t s , h a v e 
a m u c h s m a l l e r c o n s u m p t i o n o f l i q u i d 
h e l i u m ( s i n c e t h e r e a r e n o c u r r e n t 
l e a d s — u s u a l l y t h e m a j o r s o u r c e o f 
h e a t i n t o t h e m a g n e t c r y o s t a t ) , r e q u i r e 

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

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

ISR 
Magnetic Field Display 
T h e c h a r a c t e r i s t i c s o f t h e t w o m a i n 
m a g n e t i c f i e l d s o f t h e I n t e r s e c t i n g 
S t o r a g e R i n g s a r e c o n t i n u o u s l y m o n i 
t o r e d a n d d i s p l a y e d in t h e C o n t r o l 
R o o m ( S R C ) . T h i s is d o n e by m e a s u r 
i n g t h e f i e l d o n t h e c e n t r a l o r b i t a n d 
t h e g r a d i e n t a t t h r e e r a d i a l p o s i t i o n s , 
in f o u r r e f e r e n c e m a g n e t s ( o n e o f t h e 
f o c u s i n g a n d o n e o f t h e d e f o c u s i n g 
t y p e f o r e a c h r i ng ) i n s t a l l e d in a 
' R e f e r e n c e U n i t R o o m ' c l o s e t o t h e 
ISR. T h e w i n d i n g s o f t h e s e r e f e r e n c e 
m a g n e t s ( m a i n , c o m p e n s a t i o n a n d 
p o l e f a c e w i n d i n g s ) a r e c o n n e c t e d in 
s e r i e s w i t h t h e c o r r e s p o n d i n g w i n d 

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

T h e a c t u a l m e a s u r i n g e q u i p m e n t is 
d e r i v e d f r o m t h a t d e v e l o p e d a n d u s e d 
f o r m e a s u r i n g a l l t h e u n i t s : a c o i l 
r o t a t i n g t h r o u g h 180° f o r f i e l d 
m e a s u r e m e n t a n d o n e m o v i n g o v e r 
a r a d i a l d i s t a n c e o f 18 m m t o m e a s u r e 
t h e g r a d i e n t . A h y d r a u l i c m e c h a n i s m 
is u s e d a n d g r e a t c a r e w a s t a k e n in 
t h e m e c h a n i c a l c o n s t r u c t i o n t o e n s u r e 
t h e n e c e s s a r y r e l i a b i l i t y a n d a c c u r a c y 
(1 t o 2 X 1CT5 f o r f i e l d m e a s u r e m e n t s 
a t 1 5 G e V / c ) . F o r e x a m p l e , t h e s t r o k e 
o f t h e ' g r a d i e n t ' c o i l s m u s t b e s t a b l e 
a n d a c c u r a t e t o w i t h i n a m i c r o n , w h i l e 
t h e ' f i e l d ' c o i l s m u s t b e p o s i t i o n e d in 
t h e a p e r t u r e t o a n a c c u r a c y o f 
0.01 m m . 

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

A u t o m a t i o n o f t h e o p e r a t i o n a n d 
p r o c e s s i n g o f t h e i n f o r m a t i o n h a s 
b e e n m a d e p o s s i b l e b y t h e u s e o f a 
c o m p u t e r ( H e w l e t t P a c k a r d m o d e l 
2114) . It is p r o g r a m m e d : 

— t o c o n t r o l t h e v a r i o u s m e a s u r e 
m e n t s e q u e n c e s ; 

— t o r e a d t h e c o u n t e r s a n d c a l c u l a t e 
t h e f i n a l v a l u e s ; 

— t o d i s p l a y t h e r e s u l t s o n a c a t h o d e 
r a y t u b e in t h e C o n t r o l R o o m ( a n d 
in t h e R e f e r e n c e U n i t R o o m ) ; 

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

A s w e l l a s t h e v a r i o u s p a r a m e t e r s 
( s u r f a c e s a n d r e s i s t a n c e s o f t h e c o i l s , 
c a r r i a g e s t r o k e s , r e f e r e n c e v o l t a g e s ) 
n e e d e d in t h e m e a s u r e m e n t p r o 
c e d u r e , t h e m e m o r y o f t h e 2114 c o m 
p u t e r a l s o c o n t a i n s t h e a v e r a g e 
r e s u l t s o f t h e m a g n e t i c m e a s u r e m e n t s 
m a d e o n a l l t h e ISR u n i t s . O n t h e 
b a s i s o f m e a s u r e m e n t s in t h e r e f e r 
e n c e u n i t s , it is c a p a b l e o f c a l c u l a t i n g 
t h e b e h a v i o u r o f t h e e n t i r e r i n g s . T h e 
d i s p l a y in t h e ISR c o n t r o l r o o m s h o w s 
e i t h e r t h e m a g n e t i c c h a r a c t e r i s t i c s o f 
e a c h r i n g ( b e n d i n g a n d f o c u s i n g 
p a r a m e t e r s ) o r t h e r e l a t e d b e a m p a r a 
m e t e r s : 

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

— t h e v e r t i c a l a n d h o r i z o n t a l b e t a t r o n 
o s c i l l a t i o n f r e q u e n c i e s ; (Qv a n d 
Q H a r e c a l c u l a t e d w i t h v a r i a t i o n 
f o r m u l a e d r a w n f r o m e x p e r i m e n 
t a t i o n w i t h t h e ISR) . 

T h e ra te o f m e a s u r e m e n t is e s 
s e n t i a l l y l i m i t e d b y t h e t i m e r e q u i r e d 
f o r t h e m o v e m e n t o f t h e c o i l s (60 s 
f o r a c o m p l e t e m e a s u r e m e n t ) . 

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

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

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

g r a t o r d r i f t . 

T h i s m o n i t o r i n g s y s t e m , bu i l t by t h e 

M a g n e t G r o u p , h a s b e e n e x t e n s i v e l y 

u s e d s i n c e t h e b e g i n n i n g of t e s t s o n 

t h e ISR. It g i v e s a d i r e c t , f a s t a n d 

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

m a g n e t i c c h a r a c t e r i s t i c s of e a c h r i n g . 

200 mA from 3 MeV 
T h e 3 M e V e x p e r i m e n t a l l i n a c a c 
c e l e r a t e d a p r o t o n b e a m ( a n a l y s e d ) 
of o v e r 200 m A f o r t h e f i r s t t i m e o n 
12 M a y — t h e p e a k c u r r e n t w h i c h h a s 
b e e n a c h i e v e d is 215 m A . 

T h e b i g b e a m s , w h o s e e n e r g y 
s p r e a d a n d e m i t t a n c e h a v e n o t y e t 
b e e n s t u d i e d , c a m e a f t e r c h a n g i n g 
t h e 18 f o c u s i n g q u a d r u p o l e s e t t i n g s 
in t h e l i n a c t a n k ( to o p e r a t e in t h e 

+ — + — m o d e r a t h e r t h a n + H 

a s in t h e 50 M e V l i n a c o f t h e p r o t o n 
s y n c h r o t r o n ) . T h e las t 20 ^s o f 100 
p u l s e s o f p r o t o n s f r o m t h e 500 k e V 
p r e i n j e c t o r w e r e s e l e c t e d f o r a c c e l e r 
a t i o n ; t h e s e c o r r e s p o n d e d t o t h e m o s t 
s t a b l e p a r t o f t h e p r e i n j e c t o r p u l s e . 
T h e m o d i f i c a t i o n s w h i c h b r o u g h t a b o u t 
t h e h i g h c u r r e n t s c o u l d no t b e t r a n s 
l a t e d d i r e c t l y t o t h e PS l i n a c w h e r e t h e 
q u a d r u p o l e c o o l i n g is no t as e f f i c i e n t 
a s o n t h e s m a l l e x p e r i m e n t a l l i n a c . 
T h e p r e s s u r e a t t h e PS l i n a c is , in a n y 
c a s e , t o d e l i v e r 100 m A in 100 \is 

p u l s e s r e a d y f o r t h e c o m i n g i n t o 
o p e r a t i o n o f t h e 800 M e V B o o s t e r a n d 
t h e 3 M e V l i n a c has b e e n h e l p i n g b y 
s t u d y i n g l o n g p u l s e e f f e c t s in t h e 
p r e i n j e c t o r r e g i o n . ( T h e p r e i n j e c t o r 
o n t h e e x p e r i m e n t a l l i n a c is t h e s a m e 
a s o n t h e PS l i nac . ) 

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

Photographs of ISR magnetic field parameters 
as displayed on a TV screen. 

1. With just Ring 1 in action the magnetic field 
is set to that corresponding to a proton 
momentum 'p' of 15.175 GeV/c and horizontal and 
vertical betatron oscillation frequencies of 
QH = 8.803 and Qy = 8.701. 

2. Rapid field variation is displayed in the form 
of an index moving along a graduated scale. 
The initial field, which corresponded to a proton 
momentum of 11.6244 GeV/c, has been changed 
by approximately + 0.02 T. 

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

I n i t i a l l y o n e a i m , w o r k i n g w i t h t h e 
500 k e V p r e i n j e c t o r b e a m , w a s t o 
r e m o v e t h e s p a c e c h a r g e e f f e c t b y 
c o n t r o l l e d n e u t r a l i z a t i o n , i n j e c t i n g 
e l e c t r o n s i n t o t h e b e a m t o c a n c e l o u t 
t h e p o s i t i v e c h a r g e s o n t h e p r o t o n s . 
B u t t h i s h a s p r o v e d v e r y d i f f i c u l t t o 
m a s t e r m a i n l y b e c a u s e t h e p r o t o n 
b e a m s h a v e b e e n s h o w n t o b e 
n e u t r a l i z i n g t h e m s e l v e s w i t h o u t a n y 
h e l p ! T h i s w a s e v i d e n t f r o m t h e f a c t 
t h a t t h e o r y a n d e x p e r i m e n t d i d n o t 
l i n e u p a n d b e a m s of m u c h h i g h e r 
c u r r e n t t h a n c a l c u l a t e d c o u l d b e 
t r a n s p o r t e d . 

T h e s e l f - n e u t r a l i z a t i o n a p p e a r s t o 
b e c o m i n g f r o m t w o s o u r c e s — f r o m 
i o n i z a t i o n o f r e s i d u a l g a s w h i c h y i e l d s 
e l e c t r o n s , a n d f r o m p a r t i c l e l oss ( p r o 
t o n s a n d o t h e r i ons ) t o t h e m e t a l l i c 
w a l l s w h i c h l i b e r a t e s e l e c t r o n s . A t 
f i r s t s i g h t it s e e m s n i c e t o b e g e t t i n g 
r e q u i r e d n e u t r a l i z a t i o n f o r f r e e b u t t h e 
t r o u b l e is t h a t s e l f - n e u t r a l i z a t i o n is n o t 
e a s i l y c o n t r o l l a b l e . T h e d e g r e e o f 
n e u t r a l i z a t i o n is d i f f i c u l t t o p r e d i c t 
a n d t h e e l e c t r o n s a r e o f l o w e n e r g y 
(a f e w eV , f o r e x a m p l e ) a n d h e n c e 
e a s i l y d i s t u r b e d , b y i m p o s e d f o c u s i n g 
f i e l d s o r b i a s e s , a b r u p t l y c h a n g i n g t h e 
s p a c e c h a r g e p r o p e r t y o f t h e b e a m . 

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

T h e a v a i l a b i l i t y o f t h e 3 M e V l i n a c is 
m a k i n g it p o s s i b l e t o c a r r y o u t m o r e 
d e t a i l e d s t u d i e s o n h i g h i n t e n s i t y , l o w 
e n e r g y p r o t o n b e a m b e h a v i o u r t h a n 
h a s e v e r b e e n d o n e b e f o r e . G e n e r a l l y , 
a l i n a c is s w e p t i n t o a c t i o n t o f e e d a 
s y n c h r o t r o n , l e a v i n g l i t t l e t i m e t o g e t 
t o k n o w t h e b e a m w e l l . 
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Applications of Accelerators 

It is important to step back, from 

time to time, and look at our work 

in the context of the preoccupations 

of society as a whole. This article 

takes a look at what role accelerators 

are playing in modern life. 

We could say that science should 

not need technology as a raison d'être 

but there is no doubt that, when 

science is costing a lot of money, to 

be able to point to subsequent 

technological applications is an 

important influence in encouraging 

continued investment in science. 

When, in the process of increasing 

our knowledge of man's environment, 

we develop the technology which 

eases man's lot in his environment, 

it is a bonus we should be very ready 

to talk about. Thinking of accelerators, 

the financial benefits already drown 

the financial investments as this 

article brings out. 

The author (Louis Rosen — Director 

of the Los Alamos Meson Physics 

Facility) always presents our work, 

and LAMPF in particular, is a broad 

context. In this article he concentrates 

on what has come, and is coming, 

from our mastery of acceleration 

techniques. It is taken from a talk 

'Relevance of Particle Accelerators 

to National Goals' given at the 1971 

Particle Accelerator Conference held 

in Chicago in March. This is a version 

of the talk, abridged and generalized, 

to be accessible to a wider audience, 

by kind permission of the author. 

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

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

b e y o n d r e p r o a c h . T o d a y , b o t h a r e 

u n d e r a t t a c k . 

M u c h o f t h e b a s i s f o r t h e a t t a c k o n 

s c i e n c e is e m o t i o n a l , e v e n i r r a t i o n a l . 

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

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

s u b s t a n t i a l p a r t of o u r m i s e r y is se l f -

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

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

s o c i e t y w h i c h d i c t a t e s t h a t w e e x p l a i n , 

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

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

s p e c i a l i s t . W e a n d w e a l o n e c a n d o 

t ha t . W e a n d w e a l o n e c a n p r o v i d e 

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

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

p r a c t i c a l w o r t h of o u r p u r s u i t s . W e 

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

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

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

a c c e p t a b l e c o s t . W e a n d w e a l o n e 

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

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

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

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

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

m e n t . 

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

q u a r t e r s t o s t a r t a s k i n g n o t w h a t o u r 

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

s c i e n c e c a n d o f o r o u r s o c i e t y . A n d 

it is p r e c i s e l y t h i s q u e s t i o n , t o t h e 

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

a t o r s , t h a t I w i s h t o d i s c u s s . 

If w e l o o k at t h e w o r l d - w i d e i n 

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

c o u l d c l a i m t h a t t h e y a l l h a v e v a l u e 

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

s u i t s . H o w e v e r , m o s t of us f e e l t h a t 

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

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

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

p r o p e r t i e s of s u b - n u c l e a r m a t t e r a r e 

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

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

s u f f i c i e n t i n t e n s i t y is a v a i l a b l e t o m a k e 

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

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

c a t i o n a n d t h e a c q u i s i t i o n of n e w 

b a s i c k n o w l e d g e . 

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

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

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

i ng c h a r a c t e r i s t i c s b e t w e e n m a n a n d 

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

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

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

u n i v e r s e . C u r i o s i t y is o n e o f t h e 

e l e m e n t s of l i fe w h i c h g i v e s it 

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

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

c u r i o s i t y is t h r o u g h t h e p u r s u i t o f 

s c i e n c e — t h e i n t e r r o g a t i o n o f n a t u r e . 

In o r d e r t o p u r s u e s c i e n c e , o n e m u s t 

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

w h i c h a r e u s u a l l y a t e x t r e m e s : v e r y 

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

t e m p e r a t u r e s ; v e r y h i g h p r e s s u r e s 

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

l a r g e ( c o s m o l o g y ) a n d t h e v e r y s m a l l 

( n u c l e a r a n d s u b - n u c l e a r e n t i t i e s ) . 

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

p e r m i t us t o e x p l o r e t h e s m a l l e s t 

q u a n t i t i e s o f m a t t e r a n d e n e r g y in 

n a t u r e . 

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

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

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

o f a c c e l e r a t o r s . Fo r e x a m p l e , o n e t h a t 

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

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

T h e r e s e a r c h is w o r l d - w i d e a n d , p e r 

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

o p e n , f r i e n d l y a n d p r a c t i c a l c o l l a b o 

r a t i o n a c r o s s f r o n t i e r s . 

Le t us p u s h o n f u r t h e r a n d g e t t o 

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

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

o f s c i e n c e t e l l s us t ha t , u p t o n o w , 

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

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

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

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

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

s p i n - o f f s ( fo r e x a m p l e in c o m p u t e r 

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

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

m a g n e t i c f i e l d s , a n d o f f a b r i c a t i n g 
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m a t e r i a l s w h i c h h a v e n o e l e c t r i c a l 
r e s i s t a n c e ) a l l o f w h i c h w i l l h a v e a 
d e c i s i v e i n f l u e n c e o n t h e t e c h n o l o g i e s 
r e q u i r e d t o s u s t a i n c o m f o r t a b l e l i fe 
o n t h i s p l a n e t in t h e f u t u r e . 

B u t le t us e x a m i n e n o t w h a t m i g h t 
b e b u t w h a t a l r e a d y is , r e m e m b e r i n g 
t h a t w h a t t o d a y a r e c o n s i d e r e d l o w 
e n e r g y a c c e l e r a t o r s w e r e y e s t e r d a y 
c h a r a c t e r i z e d as h i g h e n e r g y a c c e l e r 
a t o r s . 

Accelerators in industry 

If w e l o o k a t t h e s i t u a t i o n in t h e 

U n i t e d S t a t e s t h e r e a r e a b o u t 1000 

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

a b o u t 50 % o f t h e w o r l d ' s i n v e n t o r y 

o f a c c e l e r a t o r s . L e s s t h a n 150 a r e 

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

t h e r e m a i n d e r , a b o u t o n e - t h i r d a r e 

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

t h e res t t o t h e a p p l i e d s c i e n c e s . T h o s e 

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

r e p r e s e n t a c a p i t a l i n v e s t m e n t o f 77 

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

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

t h e s e m a c h i n e s is a b o u t 2000 m i l l i o n 

d o l l a r s . 

Non destructive testing 

A g r o w i n g u s e o f a c c e l e r a t o r s is in 

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

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

1) R a d i o g r a p h i c i n s p e c t i o n u s i n g x 

r ays a n d g a m m a r a y s (e .g . , i n s p e c 

t i o n o f p i p e l i n e w e l d s ) 

2) T h i c k n e s s g a u g e s ( a l p h a s a n d 

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

p u r p o s e a n d n o w p r o t o n s a r e 

b e g i n n i n g t o s h o w p r o m i s e — 

u s i n g 147 M e V p r o t o n s , t h e H a r w e l l 

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

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

m i n e d t o a n a c c u r a c y o f 0.0015 % , 

c o m p a r e d t o 2 % b y c o n v e n t i o n a l 

m e t h o d s ) 

3) A c t i v a t i o n a n a l y s i s ( m a i n l y w i t h 

n e u t r o n s ) . 

Radioisotope production 

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

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

i n d u c e d r e a c t i o n s . H o w e v e r , 80 % o f 

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

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

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

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

M a r k e t s t a t i s t i c s a n d p r e d i c t i o n s ( in 

$ M) f o r t h e s a l e o f r a d i o i s o t o p e s a r e 

a s f o l l o w s : 

1969 1970 1971 
Basic radionuclides 10 11 13 
Radiochemicals 12 14 16 
Radiopharmaceuticals 32 40 50 
Sealed sources 5 6 7 

59 71 86 

T h e p o i n t is t h a t t h e s a l e s a r e 
s u b s t a n t i a l a n d t h e ra te o f i n c r e a s e is 
l a r g e . T h e p r e s e n t m a r k e t f o r c y c l o 
t r o n - p r o d u c e d i s o t o p e s is t h r e e m i l 
l i o n d o l l a r s p e r y e a r , a n d i n c r e a s i n g 
r a p i d l y . It is e s t i m a t e d t h a t a m a r k e t 
f o r a b o u t t w e n t y c y c l o t r o n f a c i l i t i e s 
m a y d e v e l o p f o r r a d i o i s o t o p e s b y 
1975. H e r e t h e e c o n o m i e s a r e f a r 
l ess i m p o r t a n t t h a n t h e p a i n a n d 
s u f f e r i n g t h e s e i s o t o p e s c a n p r e v e n t . 
Power production 

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

1) C a r e f u l m e a s u r e m e n t s of t h e r a t i o 
o f n e u t r o n c a p t u r e t o f i s s i o n f o r 

2 3 9 P u s h o w e d t h a t a n e n t i r e f a m i l y 
o f w a t e r - c o o l e d p l u t o n i u m - f u e l e d 
r e a c t o r s w o u l d n o t b e f e a s i b l e a s 
b r e e d e r r e a c t o r s , t h u s p r e v e n t i n g 
t h e w a s t e o f h u n d r e d s o f m i l l i o n s 
o f d o l l a r s . 

2) S o m e y e a r s a g o , I p u b l i s h e d r e 
s u l t s o n t h e i n t e r a c t i o n o f f a s t 
n e u t r o n s w i t h 7 L i , w h i c h s h o w e d 
t h a t a c o n t r o l l e d t h e r m o n u c l e a r 
r e a c t o r c o u l d o p e r a t e o n t h e D-T 
c y c l e ( w h i c h is m u c h e a s i e r t h a n 
t h e D-D c y c l e b e c a u s e t h e r e 
q u i r e d t e m p e r a t u r e is l o w e r ) a n d 
p r o d u c e m o r e t r i t i u m t h a n is 
c o n s u m e d . It n o w a p p e a r s l i k e l y 
t h a t t h e f i r s t t h e r m o n u c l e a r r e 
a c t o r s w i l l o p e r a t e o n t h e D-T 
c y c l e . 

H o w e v e r , R a n d M c N a l l y J r . o f 
O R N L h a s r e c e n t l y p r o p o s e d t h e 
u s e o f e n e r g e t i c p r o t o n s , (o r d e u -
t e r o n s , t r i t o n s a n d 3 H e ) t o i g n i t e 
6 L i o r 6 L i D f u e l , t h u s a v o i d i n g t h e 
p r o b l e m o f h e a t i n g i n c o m i n g f u e l 
m a t e r i a l t o f u s i o n e n e r g i e s . O n e 
b a r r i e r t o t h e p u r s u i t o f t h i s i d e a 
is g r o s s l y i n c o m p l e t e k n o w l e d g e 
o f n u c l e a r r e a c t i o n c r o s s - s e c t i o n s 
f o r l i g h t n u c l e i a t l o w e n e r g i e s , 
w h i c h a c c e l e r a t o r s c a n p r o v i d e . 

It is a f a c t t h a t p a r t i c l e a c c e l e r a t o r s 
p r o v i d e t h e b a s i c i n f o r m a t i o n f o r 
c a l c u l a t i n g n u c l e a r p r o p e r t i e s o f 
r e a c t o r s . M u c h b a s i c n u c l e a r d a t a 
a r e s t i l l n e e d e d , e s p e c i a l l y f o r f a s t 
r e a c t o r s w h i c h m a k e b e s t u s e o f o u r 
u r a n i u m r e s o u r c e s . A n n u a l f u e l c o s t 
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,. ^ Number of , Application Investment ($ M) Accelerators 

1964 1968 1964 1968 

Nuclear science and 282 297 ...101.4 129.7 
engineering 

X rays and neutrons 234 376 24.2 46.9 

Radiation effects 225 315 26.3 36.4 

Atomic and solid state physics 5 35 0.5 2.8 

Radiation processing 36 60 3.7 6.5 

Totals 782 1083 156.1 222.3 



u n c e r t a i n t i e s , r e s u l t i n g f r o m n u c l e a r 
d a t a u n c e r t a i n t i e s , a r e a b o u t $ 1 0 0 
m i l l i o n in 1980, $ 3 0 0 m i l l i o n in 1990, 
a n d $ 7 0 0 m i l l i o n b y t h e e n d o f t h e 
c e n t u r y . A c c e l e r a t o r s c a n c l e a r t h e s e 
u n c e r t a i n t i e s . 

N e u t r o n a n d g a m m a - r a y c r o s s -
s e c t i o n s a r e d e s t i n e d t o p l a y a c r u c i a l 
r o l e in r e a c t o r s f o r s p a c e a p p l i c a t i o n s , 
f o r d e s a l i n a t i o n in t h e a g r o - i n d u s t r i a l 
c o m p l e x e s a n d f o r p r o c e s s h e a t . T h e 
p r o b l e m s a r e m a i n l y t h o s e o f n e u t r o n 
e c o n o m y a n d m a t e r i a l s d a m a g e — 
a n o t h e r f i e l d f o r a c c e l e r a t o r s . 
Radiation processing 

R a d i a t i o n p r o c e s s i n g m a y b e u s e d 
t o i n c r e a s e t h e m e l t i n g p o i n t , t e n s i l e 
s t r e n g t h , d u r a b i l i t y , a n d a d h e s i v e 
p r o p e r t y o f m a t e r i a l s . O f t h e 270 
a c c e l e r a t o r s in p r i v a t e i n d u s t r y , 46 a r e 
d e v o t e d t o r a d i a t i o n p r o c e s s i n g o n a 
p r o d u c t i o n s c a l e ( e x c l u s i v e o f f o o d 
p r o c e s s i n g ) . T h e c u r r e n t v a l u e of 
i r r a d i a t e d p r o d u c t s , n o t i n c l u d i n g 
f o o d , is a b o u t $ 2 0 0 m i l l i o n p e r y e a r , 
a n d m u c h of t h i s is d u e t o e l e c t r o n 
a c c e l e r a t o r s . R a d i a t i o n c u r i n g of 
c o a t i n g s a n d f i n i s h e s , e s p e c i a l l y f o r 
b u i l d i n g m a t e r i a l s , t e x t i l e s a n d m e t a l s , 
is t h e a r e a o f g r e a t e s t p o t e n t i a l in t h e 
n e a r f u t u r e . I r r a d i a t i o n o f p l a s t i c s 
a c c o u n t s f o r t h e l a r g e s t s h a r e o f 
c a p a c i t y , w i t h a p p l i c a t i o n s t o p a c k 
a g i n g m a t e r i a l s a n d e l e c t r i c a l i n s u 
l a t i o n s h o w i n g g r e a t e c o n o m i c a d 
v a n t a g e s a n d r a p i d c o m m e r c i a l u t i l i 
z a t i o n . 

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

Accelerators in defence 

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

is n o t as g r e a t a s it u s e d t o b e , b u t 

it r e m a i n s e x t r e m e l y i m p o r t a n t . Pe r 

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

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

B y 1980, p o w e r r e a c t o r s a r o u n d t h e 
w o r l d w i l l b e p r o d u c i n g p l u t o n i u m a t 
t h e r a t e o f 200 p o u n d s p e r d a y , 
s u f f i c i e n t f o r t e n s of n u c l e a r w e a p o n s 
p e r d a y . P l u t o n i u m is n o w a c o m 
m e r c i a l c o m m o d i t y , s u b j e c t t o p r i v a t e 
o w n e r s h i p . T o m o n i t o r t h i s s i t u a t i o n 
s i m p l e , r e l i a b l e m e t h o d s m u s t s o o n b e 
d e v e l o p e d f o r i n t e r r o g a t i n g m a t e r i a l s 
a n d a c c u r a t e l y d e t e r m i n i n g t h e i r 
m a k e u p . N e u t r o n s a n d g a m m a r a y s , 
p r o d u c e d by a c c e l e r a t o r s , o f f e r o n e 
p o s s i b i l i t y a n d m u c h h a s a l r e a d y b e e n 
a c c o m p l i s h e d in t h i s d i r e c t i o n . H e r e , 
a c c e l e r a t o r s a p p e a r d e s t i n e d t o p l a y 
a c e n t r a l r o l e f o r a l o n g t i m e t o c o m e . 

S o o n e r o r l a te r t h e r e m u s t e v o l v e 
a n a l l - i n c l u s i v e i n t e r n a t i o n a l t r e a t y 
f o r c o n t r o l o f f i s s i o n a b l e m a t e r i a l s . 
E f f e c t i v e v e r i f i c a t i o n p r o c e d u r e s a r e 
e s s e n t i a l t o t h e i m p l e m e n t a t i o n o f a n y 
a g r e e m e n t w h i c h i n v o l v e s p r o d u c t i o n 
a n d d i s t r i b u t i o n of f i s s i o n a b l e m a 
t e r i a l s a n d t h e l i m i t a t i o n o f d e v e l o p 
m e n t , p r o d u c t i o n , a n d d e p l o y m e n t of 
n u c l e a r a r m a m e n t s . H i g h l y s p e c i a l i z e d 
a c c e l e r a t o r s w i l l c e r t a i n l y b e p a r t o f 
t h e p o l i c i n g m e c h a n i s m . 

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

Accelerators for medical purposes 

P e r h a p s in n o a r e a h a s a c c e l e r a t o r 
d e v e l o p m e n t h a d s u c h a m a r k e d 
i m p a c t o n m a n k i n d as in m e d i c i n e — 
in n u c l e a r m e d i c i n e a n d in r a d i a t i o n 
t h e r a p y . R a d i o i s o t o p e s a r e u s e d in 
d i a g n o s t i c m e d i c i n e in c o n n e c t i o n 
w i t h : t h y r o i d u p t a k e , b l o o d v o l u m e 
d e t e r m i n a t i o n , r e n a l f u n c t i o n , v i t a m i n 
B12 a b s o r p t i o n , f a t m a l a b s o r p t i o n , 
R B C s u r v i v a l , i r o n t u r n o v e r , c a r d i a c 
o u t p u t , h e p a t i c f u n c t i o n . A t t h e m o 
m e n t m o s t o f t h e i s o t o p e s a r e 
d i s c o v e r e d w i t h a c c e l e r a t o r s a n d 
m a n u f a c t u r e d w i t h r e a c t o r s . H o w e v e r , 
a c c e l e r a t o r - p r o d u c e d i s o t o p e s a r e 
i n c r e a s i n g in v o l u m e . 

Of a l l i s o t o p e a d m i n i s t r a t i o n s , 
a b o u t o n e - t h i r d e m p l o y 1 3 1 l . T h e u s e 
o f 1 2 3 l f o r in vivo t h y r o i d u p t a k e 
s t u d i e s , b r a i n s c a n s , b l o o d v o l u m e 
m e a s u r e m e n t s , a n d l i ve r a n d l u n g 
s c a n s , r e d u c e s t h e r a d i a t i o n e x p o s u r e 
t o p a t i e n t s b y a b o u t a f a c t o r o f 100 
o v e r 1 3 1 l b e c a u s e 1 2 3 l h a s n o p a r t i c u 
l a te r a d i a t i o n a n d has a m u c h s h o r t e r 
h a l f - l i f e . T h i s r e d u c e d d o s e is e s 
p e c i a l l y i m p o r t a n t in p e d i a t r i c a n d 
o b s t e t r i c c a s e s . 

T h e s e c o n d m o s t w i d e l y u s e d r a d i o 
i s o t o p e in o r g a n i c f u n c t i o n s t u d i e s is 
a c c e l e r a t o r - p r o d u c e d 5 7 C o f o r v i t a m i n 
B12 a b s o r p t i o n t e s t s . T h e r e a s o n is 
s h o r t e r h a l f - l i f e a n d g r e a t e r c o u n t i n g 
e f f i c i e n c y f o r t h e l i g h t e r i s o t o p e . 

T h e n e w B r o o k h a v e n l i n a c a n d 
L A M P F c a n p r o d u c e s u b s t a n t i a l 
a m o u n t s o f 7 2 Z n . P r e l i m i n a r y s t u d i e s 
i n d i c a t e t h i s n u c l i d e m a y b e c o m e a 
r o u t i n e s c a n n i n g a g e n t t o b e u s e d in 
a l l m a l e s , o v e r m i d d l e a g e , f o r e a r l y 
d e t e c t i o n o f p r o s t a t i c c a n c e r . N o s u c h 
a g e n t e x i s t s a t t h e p r e s e n t t i m e 
a l t h o u g h p r o s t a t i c c a n c e r is c u r r e n t l y 
t h e t h i r d m o s t f r e q u e n t c a u s e o f d e a t h 
in m a l e c a n c e r p a t i e n t s . 

In 1968, 300 000 p e o p l e w e r e t r e a t e d 
b y r a d i o t h e r a p y , i n v o l v i n g 3.5 m i l l i o n 
t r e a t m e n t s , r e p r e s e n t i n g a 300 000 d o l 
la r e f f o r t t o w a r d s t h e a r r e s t o f c a n c e r . 
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Concluding remarks 

I h a v e d e s c r i b e d w h a t h a s b e e n a n d 
w h a t is n o w . B u t w h a t a b o u t t h e 
f u t u r e ? 

S o m e t r e n d s in a c c e l e r a t o r a p p l i 
c a t i o n s a r e d i s c e r n i b l e . I h a v e a l r e a d y 
m e n t i o n e d t h a t n e w a c c e l e r a t o r s n e e d 
t o b e d e v e l o p e d in o r d e r t o a c h i e v e 
n u c l e a r e n e r g y s o u r c e s o n t h e o n e 
h a n d a n d h e l p w i t h t h e w o r l d - w i d e 
m a n a g e m e n t o f f i s s i o n a b l e m a t e r i a l s 
o n t h e o t h e r . N e w t y p e s o f a c c e l e r 
a t o r s a r e n e e d e d f o r u s e s in e v e r y 
s p h e r e f r o m t h e p r e s e r v a t i o n o f f o o d 
t o t h e s t e r i l i z a t i o n o f s e w a g e . 

T h e f i e l d o f m e d i c i n e a p p e a r s t o 
h a v e a n i n s a t i a b l e a p p e t i t e f o r a c 
c e l e r a t o r s w h i c h a r e t a i l o r e d t o t h e i r 
p u r p o s e s . J u s t n o w , s i x c y c l o t r o n s f o r 
i s o t o p e p r o d u c t i o n o f t h e s h o r t - l i v e d 
i s o t o p e s 1 5 0 , 1 3 N a n d " C (2, 10 a n d 
20 m i n u t e ha l f - l i ves ) h a v e b e e n , o r a r e 
in t h e p r o c e s s o f b e i n g , i n s t a l l e d in 
t h e U S A . 

W i t h i n c r e a s e d e m p h a s i s o n n u c l e a r 
m e d i c i n e , t h e m e d i c a l p r o f e s s i o n w i l l 
b e in a p o s i t i o n t o m a k e u s e o f n e w 
r a d i o n u c l i d e s w h i c h h a v e p r o p e r t i e s 
m o r e a m e n a b l e t o d i a g n o s t i c p r o 
c e d u r e s . M a n y o f t h e s e c a n b e p r o 
v i d e d b y a c c e l e r a t o r s . P e r h a p s t h e 
m o s t d r a m a t i c u t i l i z a t i o n of a c c e l e r 
a t o r s is in t h e t r e a t m e n t o f m a l i g n a n 
c i e s w h e r e t h e r e a r e g r e a t a d v a n t a g e s 
t o b e r e a l i z e d b y u s i n g h i g h - e n e r g y 
c h a r g e d p a r t i c l e s in r a d i a t i o n t h e r a p y . 
H i g h - e n e r g y p r o t o n s a r e m u c h s u 

p e r i o r t o x r a y s a n d w e h a v e b e e n 
r e m i s s in n o t u s i n g o u r h i g h e n e r g y 
a c c e l e r a t o r s f o r t h i s p u r p o s e . O u r 
c o l l e a g u e s in t h e U S S R a r e f a r a h e a d 
of us a n d I c o m m e n d t h e m f o r t h a t . 

In o r d e r t o b u i l d L A M P F , a n e w 
a c c e l e r a t o r s t r u c t u r e h a d t o b e i n 
v e n t e d a n d d e v e l o p e d . V e r y s o o n 
a f te r , t h e f e a s i b i l i t y , s t a b i l i t y , a n d 
e f f i c i e n c y o f t h i s a c c e l e r a t o r w a s 
d e m o n s t r a t e d b y b u i l d i n g a n e l e c t r o n 
p r o t o t y p e ; t h e b a s i c d e s i g n f e a t u r e s 
w e r e a d o p t e d b y i n d u s t r y , w h i c h is 
n o w p r o d u c i n g t h e m f o r x ray m a 
c h i n e s of 4 M e V ( a n d h i g h e r ) e n e r g y . 
A t l eas t f i v e c o m p a n i e s a r e b u i l d i n g 
t h e s e m a c h i n e s ; s e v e r a l d o z e n a r e 
a l r e a d y i n s t a l l e d in h o s p i t a l s , s e v e r a l 
d o z e n m o r e a r e u n d e r c o n s t r u c t i o n . 

Les t y o u w o r r y t h a t h i g h e r e n e r g y 
m a c h i n e s b e lef t o u t of m e d i c a l 
a p p l i c a t i o n s , le t m e a s s u r e y o u t h a t 
t h i s is n o t t h e c a s e . T h e m e s o n 
f a c t o r i e s — L A M P F in U S A , T R I U M F 
in C a n a d a , a n d S I N in S w i t z e r l a n d — 
a r e s c h e d u l e d t o p r o v i d e n e g a t i v e 
p i o n s f o r r a d i a t i o n t h e r a p y . 

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

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

An inexpensive meson factory, such as might be 
used exclusively for diagnostic and therapeutic 
medicine, as conceived by a Los Alamos group. 
A machine of this type could yield a 500 MeV, 
0.5 mA proton beam for the production of intense 
beams of pions and muons. 

i n t i s s u e j u s t a s n e u t r o n a c t i v a t i o n 
a n a l y s i s is n o w u s e d , b u t w i t h l ess 
d a m a g e t o t h e h o s t o r g a n i s m . R e 
c e n t l y s o m e r e s u l t s h a v e b e e n o b 
t a i n e d w h i c h a r e m o s t e n c o u r a g i n g . 

T h e p r o m i s e o f p i o n s a n d m u o n s 
in m e d i c i n e n a t u r a l l y r a i s e s t h e 
q u e s t i o n o f w h e t h e r o n e m i g h t d e v i s e 
a v e r y i n e x p e n s i v e , s i n g l e - p u r p o s e 
m e s o n f a c t o r y . D. N a g l e , E. K n a p p , 
a n d D. H a g e r m a n h a v e g i v e n s o m e 
t h o u g h t t o t h i s q u e s t i o n a n d h a v e 
a r r i v e d a t t h e c o n c e p t s h o w n in t h e 
d r a w i n g . A 3 M e V p r e s s u r i z e d C o c k -
c r o f t - W a l t o n f e e d s p r o t o n s i n t o a 
400 M H z d r i f t - t u b e l i n a c w h i c h in t u r n 
e j e c t s i n t o a 1200 M H z s i d e - c o u p l e d 
l i n a c . T h e i n i t i a l e s t i m a t e is t h a t a 
500 M e V 0.5 m A a v e r a g e c u r r e n t , l o w -
d u t y f a c t o r m a c h i n e c a n b e b u i l t f o r 
a b o u t $ 5 m i l l i o n . It is b e g i n n i n g t o 
a p p e a r t h a t t w o o f t h e p h y s i c i s t s m o s t 
c h e r i s h e d p a r t i c l e s a r e d e s t i n e d f o r a 
c e n t r a l r o l e in d i a g n o s t i c a n d t h e r a 
p e u t i c m e d i c i n e . 

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

1) E l e c t r o n l i n a c s (1-100 M e V ) f o r t h e 
i n s p e c t i o n a n d s u r v e i l l a n c e o f 
n u c l e a r m a t e r i a l s a n d p o l y m e r i 
z a t i o n o f p l a s t i c s ; 

2) I s o c h r o n o u s c y c l o t r o n s (100-400 
M e V ) f o r i s o t o p e p r o d u c t i o n a n d 
r a d i a t i o n t h e r a p y w i t h p r o t o n s a n d 
a l p h a p a r t i c l e s ; 

3) M e s o n f a c t o r i e s f o r i s o t o p e p r o 
d u c t i o n , r a d i a t i o n t h e r a p y w i t h 
n e g a t i v e p i o n s , a n d m u - a c t i v a t i o n 
a n a l y s i s f o r m e d i c a l d i a g n o s i s ; 

4) E l e c t r o s t a t i c m a c h i n e (0-100 M e V ) 
f o r r a d i a t i o n d a m a g e w i t h n e u 
t r o n s a n d c h a r g e d p a r t i c l e s , i s o 
t o p e p r o d u c t i o n , n e u t r o n c r o s s -
s e c t i o n m e a s u r e m e n t s , a n d n e u 
t r o n a c t i v a t i o n a n a l y s i s ; 

5 ) , 6 ) , 7 ) , e t c . A n d m o r e t o c o m e 
w h i c h w e h a v e n o t y e t t h o u g h t o u t . 
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ARGONNE 
ZGS operating again 
First booster tests 
P u l s i n g of t h e m a g n e t o f t h e 12 G e V 
Z e r o G r a d i e n t S y n c h r o t r o n at t h e 
A r g o n n e N a t i o n a l L a b o r a t o r y b e g a n 
a g a i n at t h e e n d o f A p r i l b r i n g i n g t o 
a n e n d a n e n f o r c e d s h u t d o w n w h i c h 
f o l l o w e d t h e f a i l u r e o f a c o i l in o c t a n t 
3 of t h e m a c h i n e o n 9 J a n u a r y . T h e 
b e a m i n t e n s i t y w a s r a p i d l y b r o u g h t t o 
n e a r n o r m a l l e v e l s a n d f r o m 10 M a y 
t h e p h y s i c s p r o g r a m m e h a s b e e n u n 
d e r w a y a g a i n . S e v e n e x p e r i m e n t s 
w e r e r e c e i v i n g p a r t i c l e s w i t h t h e Z G S 
p r o v i d i n g 2.4 X 1 0 1 2 p r o t o n s p e r p u l s e . 

I n i t i a l l y t h e m a g n e t w a s p u l s e d at 
a v o l t a g e l o w e r t h a n t h a t n o r m a l l y 
a p p l i e d , t h o u g h w i t h t h e u s u a l p e a k 
o p e r a t i n g c u r r e n t . T h e Z G S r e p e t i t i o n 
ra te , w i t h a 700 m s f l a t - t o p , w a s t h e n 
o n e p u l s e e v e r y 4.5 s. O p e r a t i o n in 
t h i s m o d e c o n t i n u e d u n t i l a o n e w e e k 
s h u t d o w n a t t h e e n d o f M a y w h e n 
a d d i t i o n a l p r o t e c t i v e c i r c u i t r y w a s 
i n s t a l l e d t o r e d u c e t h e l i k e l i h o o d o f 
f u r t h e r c o i l f a i l u r e s . T h e m a c h i n e is 
n o w in a c t i o n w i t h i t s n o r m a l c y c l e 
c h a r a c t e r i s t i c s . 

R e p a i r o f t h e t w o d a m a g e d t u r n s 
(ou t of 30) o f t h e m a i n c o i l o f o c t a n t 3 
p r e s e n t e d s o m e c h a l l e n g i n g p r o 
b l e m s . T h e d a m a g e d a r e a w a s a b o u t 
3.5 m f r o m o n e e n d o f t h e 18 m c o i l 
a n d it w a s d e s i r a b l e n o t t o d i s t u r b 
t h e d e l i c a t e h a n d - f i t t e d i n s u l a t i o n a t 
t h e c o i l e n d s . It w a s t h e r e f o r e n e c e s 
s a r y t o i n s e r t a c o p p e r s p l i c e i n t o 
e a c h o f t h e d a m a g e d t u r n s ( t he 
c o p p e r c r o s s - s e c t i o n is a b o u t 2.3 X 
3.5 c m 2 ) w i t h o u t a f f e c t i n g g o o d i n s u 
l a t i o n in e i t h e r d i r e c t i o n f r o m t h e 
s p l i c e . 

T h e s o l u t i o n w a s t o f r e e t h e t w o 
t u r n s f r o m t h e m a i n b o d y o f t h e c o i l 
f o r a b o u t 2 m in e i t h e r d i r e c t i o n f r o m 
t h e f i n a l a n d m o s t c r i t i c a l j o i n t o f a 
1 m s p l i c e . A s p e c i a l l y d e s i g n e d 
f i x t u r e w a s u s e d t o b e n d e a c h p a r t 

o f a t u r n o u t w a r d in a n ' S ' c u r v e b y 
a p r e c i s e a m o u n t (5 c m ) s u c h t h a t 
t h e r m a l e x p a n s i o n , d u e t o l o c a l 
h e a t i n g a t a b o u t 1000 K t o m a k e a 
s i l v e r b r a z e , j o i n e d t h e t w o c o i l s e c 
t i o n s w i t h a b o u t 2 X 1 0 6 N m " 2 o f 
c o m p r e s s i o n ( m o n i t o r e d b y s t r a i n 
g a u g e s ) . A f t e r t h e b r a z e j o i n t w a s 
c o m p l e t e d t h e t u r n w a s h e l d in t h i s 
o u t w a r d p o s i t i o n w i t h o u t p u t t i n g l a r g e 
f o r c e s o n t h e e p o x y j o i n t s 2 m a w a y 
b y h e a t i n g a l a r g e p o r t i o n o f t h e f r e e 
s e c t i o n o f t h e t u r n t o 340 K w h i l e t h e 
b r a z e d j o i n t w a s c l e a n e d . O n c o o l i n g 
t o t h e t e m p e r a t u r e o f t h e m a i n b o d y 
o f t h e c o i l t h e t u r n m o v e d b a c k i n t o 
i ts p r o p e r p o s i t i o n a f t e r w h i c h it w a s 
r e i n s u l a t e d . T h e r e p a i r t e c h n i q u e s 
a p p e a r t o h a v e b e e n s u c c e s s f u l a n d 
t h e c o i l is in u s e a g a i n in o c t a n t 3. 

J u s t b e f o r e t h e Z G S c a m e b a c k o n 

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

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

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

Farewell ceremony at the 50 MeV linac injector at 
Brookhaven which is now being replaced by the 
200 MeV linac as part of the AGS Conversion 
Project. The 50 MeV linac is being .moved to 
the Bevatron at Berkeley replacing a 20 MeV 
injector. 

Machine transplants are becoming almost as 
common as among human beings (hopefully with 
a lower rejection rate). The CERN PS linac is 
currently receiving parts of the closed down 
50 MeV PLA from Rutherford to be incorporated 
in the complex r.h 'plumbing' of a new debuncher 
which will help the linac cater for the needs of 
both the Booster and the PS. 
(Photo Ray Abbott) 

c e l e r a t e d i n t e n s i t y in t h e Z G S b y 
i n j e c t i n g a t a h i g h e r e n e r g y f r o m a 
f a s t c y c l i n g b o o s t e r s y n c h r o t r o n . T h e 
o u t l i n e o f t h i s p r o j e c t w a s d e s c r i b e d 
in v o l . 9, p a g e 239. I ts n o v e l f e a t u r e 
is t h a t it a i m s t o a c h i e v e h i g h c u r r e n t s 
in t h e b o o s t e r b y n e g a t i v e h y d r o g e n 
i o n i n j e c t i o n . I n i t i a l l y , t h e a i m w a s f o r 
500 M e V f r o m t h e b o o s t e r b u t s i g h t s 
h a v e h a d t o b e l o w e r e d t o 200 M e V 
u s i n g w h a t w a s p r e v i o u s l y t h e C o r n e l l 
2 G e V e l e c t r o n s y n c h r o t r o n . T h i s w a s 
s h i p p e d t o A r g o n n e at t h e e n d o f 1969 
f o l l o w i n g i ts c l o s e d o w n at C o r n e l l in 
N o v e m b e r o f t h a t y e a r ( see v o l . 9, 
p a g e 392) . 

In t h r e e e v e n i n g s o f t e s t s w i t h 
n e g a t i v e h y d r o g e n i o n i n j e c t i o n , t h e 
c i r c u l a t i n g p r o t o n c u r r e n t w a s b u i l t 
u p t o 30 m A ( f r o m 0.25 m A i n j e c t e d ) 
a n d , s i n c e e a s i l y i m p l e m e n t e d s o u r c e s 
o f i m p r o v e m e n t a r e k n o w n , it s h o u l d 
b e p o s s i b l e t o f l o o d t h e b o o s t e r w i t h 
p r o t o n s u p t o i ts s p a c e c h a r g e l i m i t 
w h e n s e r i o u s o p e r a t i o n is a t t e m p t e d . 
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T h e i n s t a l l a t i o n of t h e I T i o n s o u r c e 
w a s c o m p l e t e d e a r l y in A p r i l . A n e g a 
t i v e i o n b e a m w a s a c c e l e r a t e d t h r o u g h 
t h e 750 k V p r e - i n j e c t o r a n d e m i t t a n c e 
m e a s u r e m e n t s , w i t h t h e b u n c h e r 
r e m o v e d , w e r e c a r r i e d o u t p r i o r 
t o s e n d i n g t h e b e a m t h r o u g h t h e l i n a c . 
O n e s u r p r i s i n g f i n d i n g w a s t h a t 60 t o 
70 % of t h e 7 m A b e a m c o n s i s t e d o f 
o t h e r n e g a t i v e i o n s ( p o s s i b l y O" , O H " 
o r H2O"). W h e n t h e s e h e a v i e r i o n s a r e 
s u b s t a n t i a l l y r e m o v e d , t h e H~ b e a m s 
a c h i e v e d t h r o u g h t h e 750 k V c o l u m n 
s h o u l d b e c o n s i d e r a b l y h i g h e r s i n c e 
ha l f t h e b e a m f r o m t h e s o u r c e is b e i n g 
l os t d u e t o s p a c e c h a r g e b l o w u p . A 
n e g a t i v e h y d r o g e n i o n b e a m of 14 m A 
h a s b e e n o b t a i n e d a t 30 k V f r o m a 
s o u r c e in b e n c h t e s t s . 

A b e a m of a b o u t 0.75 m A w a s a c 
c e l e r a t e d t o 50 M e V t h r o u g h t h e l i n a c 
w i t h g o o d p u l s e t o p u l s e r e p r o d u c i 
b i l i t y . T h i s c a n b e d o u b l e d b y s i m p l y 
r e i n s t a l l i n g t h e b u n c h e r ( t h e l i n a c 
t r a n s m i s s i o n is 50 % w i t h a n d 25 % 
w i t h o u t t h e b u n c h e r ) . T h e m a x i m u m 
c u r r e n t i n j e c t e d i n t o t h e b o o s t e r w a s 
0.25 m A ( t he b e a m t r a n s p o r t l i n e f r o m 
l i n a c t o b o o s t e r c a n b e t u n e d u p t o 
g r e a t l y i m p r o v e t h e b e a m t r a n s m i s 
s i o n h e r e a l s o ) . 

T o a v o i d p r o b l e m s w i t h t i m i n g 
d u r i n g t h e s e s h o r t t e s t s t h e b o o s t e r 
w a s r u n d .c . (It h a s h o w e v e r b e e n r u n 
a.c . a t 30 Hz , w h i c h is t h e m a x i m u m 
p o s s i b l e c y c l i n g r e p e t i t i o n r a t e , a n d 
u p t o f i e l d l eve l s e q u i v a l e n t t o 
200 M e V p r o t o n b e a m s . ) I n j e c t i o n 

t o o k p l a c e f o r 200 ^s t h r o u g h a f i x e d 
s t r i p p e r f o i l . T h e n e g a t i v e h y d r o g e n 
i o n b e a m o b s e r v e d j u s t p r i o r t o 
i n j e c t i o n w a s s t r i p p e d t o p r o t o n s a n d 
g u i d e d t o a n o t h e r m e a s u r i n g p o i n t 
ha l f w a y r o u n d t h e r i n g a p p a r e n t l y 
w i t h o u t l oss . 

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

T h e r a t i o o f t h e c i r c u l a t i n g c u r r e n t 
w h i c h w a s b u i l t u p (30 m A ) t o t h e 
c u r r e n t b e i n g i n j e c t e d (0.25 m A ) i m 
p l i e d a n a v e r a g e of 120 t u r n s t h r o u g h 
t h e s t r i p p i n g f o i l w h i c h w a s in a g r e e 
m e n t w i t h a m e a s u r e d d e c a y t i m e of 
60 M<S f o r a s h o r t i n j e c t e d b e a m . T h i s 
l i f e t i m e is n o t a s h i g h as a n t i c i p a t e d 
b u t t h e p o t e n t i a l i m p r o v e m e n t s , w h i c h 
h a v e b e e n m e n t i o n e d a b o v e , g i v e 
c o n s i d e r a b l e c o n f i d e n c e t ha t , d e s p i t e 
t h i s , it w i l l b e p o s s i b l e t o f i l l t h e 
b o o s t e r u p t o i ts p r e d i c t e d s p a c e 
c h a r g e l i m i t w i t h a 2 t o 3 m A b e a m 
of n e g a t i v e h y d r o g e n i o n s w h i c h is 
e v e n t u a l l y e x p e c t e d t o b e a c c e l e r a t e d 
t h r o u g h t h e l i n a c . 

T h e b o o s t e r r.f. s y s t e m w a s p o w e r 
e d a t f i x e d f r e q u e n c y d u r i n g t h e t e s t s 
a n d t h e r e w a s e v i d e n c e o f b e a m 
b u n c h i n g . F o r a c c e l e r a t i n g t h e b e a m 
t o 200 M e V f u r t h e r c o m p o n e n t s a r e 
n e e d e d in t h e r.f. s y s t e m a n d a r e 
e x p e c t e d t o b e c o m p l e t e d b y S e p 

t e m b e r o f t h i s y e a r w h e n f u r t h e r 
b o o s t e r t e s t s w i l l t a k e p l a c e . It is 
i n t e n d e d t h a t , b y a b o u t m i d - 1 9 7 2 , 
200 M e V b e a m s , i n i t i a l l y w i t h 8 p u l s e s 
o f 6 X 1 0 1 1 p r o t o n s p e r p u l s e w i l l b e 
i n j e c t e d i n t o t h e Z G S d u r i n g 1 s t o 
e s t a b l i s h a c i r c u l a t i n g b e a m o f 5 X 
1 0 1 2 p r o t o n s . S u b s e q u e n t l y , t h e i n 
j e c t i o n o f 1 0 1 2 p r o t o n s p e r p u l s e w i l l 
b e t h e a i m w i t h a l l t h e i n j e c t i o n c o m 
p o n e n t s o p e r a t i n g at 30 Hz. 

O n e p r o b l e m in t h e c o m m i s s i o n i n g 
o f t h e b o o s t e r is n o t t o i n t e r f e r e (by 
H~ a c c e l e r a t i o n ) w i t h t h e Z G S p h y s i c s 
p r o g r a m m e . A w a y o u t o f t h i s m i g h t 
b e t o h a v e H~ i n j e c t i o n d i r e c t f r o m t h e 
l i n a c a t 50 M e V i n t o t h e m a i n s y n c h r o 
t r o n r i n g if a c c e p t a b l e a c c e l e r a t e d 
p r o t o n b e a m i n t e n s i t i e s c a n b e o b 
t a i n e d . T h e n t h e c o m m i s s i o n i n g c o u l d 
p r o c e e d c o n c u r r e n t l y w i t h t h e p h y s i c s 
p r o g r a m m e . 

VILLIGEN 
Progress of SIN 
cyclotron project 
T h e b e g i n n i n g o f J u n e s a w t h e s t a r t 
o f a s s e m b l y o f t h e a c c e l e r a t o r a t 
V i l l i g e n n e a r Z u r i c h w h i c h is b e i n g 
b u i l t b y t h e S w i s s I n s t i t u t e f o r 
N u c l e a r R e s e a r c h (S IN ) . T h e f i r s t of 
t h e e i g h t l a r g e s e c t o r m a g n e t s f o r t h e 
m a i n r i n g c y c l o t r o n is b e i n g i n s t a l l e d 
a n d a s s e m b l y o f t h e i n j e c t o r c y c l o t r o n 
h a s a l s o b e g u n . 
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The 200 MeV ZGS booster at Argonne (formally 
the 2 GeV Cornell electron synchrotron). Some 
very encouraging tests have recently taken place 
with negative hydrogen ion injection into the 
booster. 

(Photo ANL) 

1. An isometric drawing indicating the layout 
of the major components of the SIN cyclotron 
project. On the right is the injector cyclotron 
which will feed the main accelerator and also 
provide a range of particles for low energy 
experiments. On the left is the ring cyclotron, 
with eight magnet sectors, which will accelerate 
protons to 585 MeV. 

T h e S I N a c c e l e r a t o r 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 . 9 , p a g e 1 3 9 ; 
w e r e s t r i c t o u r s e l v e s h e r e , t h e r e f o r e , 
t o r e c a l l i n g t h e o u t l i n e o f t h e p r o j e c t . 
W e w i l l c o n c e n t r a t e o n f e a t u r e s w h i c h 
h a v e c h a n g e d o v e r t h e p a s t t w o y e a r s , 
o n t h e t e s t s w i t h c o m p o n e n t p r o t o 
t y p e s a n d o n p r e p a r a t i o n s f o r t h e 
e x p e r i m e n t a l p r o g r a m m e . 

T h e a i m is t h e c o n s t r u c t i o n o f a n 
a c c e l e r a t o r t o s e r v e a s a ' m e s o n 
f a c t o r y ' p r o d u c i n g i n t e n s e p r o t o n 
b e a m s w i t h a n e n e r g y in e x c e s s o f 
5 0 0 M e V , w e l l o v e r t h e p r o d u c t i o n 
t h r e s h o l d f o r p i o n s . T h e i n t e n s e b e a m s 
a r e t o b e o b t a i n e d u s i n g t w o s t a g e 
a c c e l e r a t i o n — a n i n j e c t o r c y c l o t r o n 
p r o v i d i n g o v e r 1 0 0 M A o f 7 2 M e V p r o 
t o n s ( t h i s c y c l o t r o n w i l l a l s o b e u s e d 
f o r l o w e n e r g y p h y s i c s a c c e l e r a t i n g 
p r o t o n s a n d o t h e r l i g h t i ons ) f e e d i n g 
a r i n g c y c l o t r o n w h i c h w i l l c o m p l e t e 
a c c e l e r a t i o n t o p e a k e n e r g y . T h i s t w o 
s t a g e a p p r o a c h e f f e c t i v e l y l i f t s o u t 
t h e c e n t r e p o r t i o n o f a n i s o c h r o n o u s 

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

T h e i n j e c t o r c y c l o t r o n is b e i n g 
s u p p l i e d by P h i l i p s . T h e r i n g c y c l o 
t r o n h a s b e e n d e v e l o p e d b y S I N . It 
r e c e i v e s p a r t i c l e s at 7 2 M e V o n a 
r a d i u s o f 2 . 0 5 m a n d a c c e l e r a t e s t h e m 
o u t t o a r a d i u s o f a b o u t 4 . 5 m. E i g h t 
s e c t o r m a g n e t s p r o d u c e t h e f i e l d in 
w h i c h t h e p r o t o n s a r e g u i d e d o n 
s p i r a l o r b i t s a n d p r o v i d e t h e f o c u s i n g 
f o r c e s . 

A m a j o r c h a n g e h a s b e e n t o i n 
c r e a s e t h e p e a k e n e r g y t o 5 8 5 M e V 
w h i c h w a s p o s s i b l e w i t h l i t t l e m o d i f i 
c a t i o n t o t h e i n i t i a l d e s i g n . T h i s w i l l 
r e s u l t in p r o d u c t i o n o f m o r e i n t e n s e 
f l u x e s o f p i o n s a n d it m o v e s t h e 

e n e r g y s p e c t r u m of t h e p i o n s h i g h e r 
( g i v i n g a g o o d f l u x in t h e r e g i o n o f 
t h e N * r e s o n a n c e at a b o u t 2 0 0 M e V ) . 
It m e a n s , h o w e v e r , c r o s s i n g a r e 
s o n a n c e w h e r e t h e r e is c o u p l i n g 
b e t w e e n t h e r a d i a l a n d v e r t i c a l m o 
t i o n s o f t h e p a r t i c l e s b u t c a l c u l a t i o n s 
i n d i c a t e t h a t t h i s c a n b e d o n e w i t h 
v e r y s m a l l b e a m loss . 

T h e d e s i g n a c c e l e r a t e d b e a m i n 
t e n s i t y s t a y s a t 1 0 0 i^A. A m o v e t o 
c o n s i d e r a b l y h i g h e r c u r r e n t s w o u l d 
n e e d i m p r o v e d e j e c t i o n e f f i c i e n c y 
( a b o v e 9 0 t o 9 5 % w h i c h is t h e p r e s e n t 
d e s i g n f i g u r e ) s i n c e t h e ra te o f p a r t i 
c l e l o s s w o u l d o t h e r w i s e r e n d e r t h e 
a c c e l e r a t o r s o r a d i o a c t i v e t h a t s e r v 
i c i n g w o u l d b e c o m e e x t r e m e l y d i f 
f i c u l t . T h e r e a r e i d e a s o n a d d i n g a n 
r.f. c a v i t y o p e r a t i n g o n t h e t h i r d 
h a r m o n i c o f t h e a c c e l e r a t i n g c y c l e 
f r e q u e n c y s o a s t o ' f l a t - t o p ' t h e r.f. 
v o l t s a t e j e c t i o n t o i m p r o v e t h e 
e f f i c i e n c y . 
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T e s t s o n t h e p r o t o t y p e r.f. c a v i t y f o r 
t h e r i n g c y c l o t r o n w e n t v e r y w e l l . T h e 
a i m w a s t o s h o w t h a t 500 k V co i : * d b e 
o b t a i n e d r e l i a b l y a c r o s s t h e c a v i t y 
g a p . F o u r s u c h c a v i t i e s w i l l b e 
i n s t a l l e d a r o u n d t h e r i n g , o n e b e t w e e n 
e v e r y s e c o n d m a g n e t , t o p r o v i d e a n 
e n e r g y g a i n o f 2 M e V p e r t u r n g i v i n g 
a n o r b i t s e p a r a t i o n o f a b o u t 8 m m at 
p e a k e n e r g y . W i t h t h e p r o t o t y p e , 
200 k W of r.f. p o w e r a t 50 M H z w e r e 
f e d i n t o t h e c a v i t y a n d v o l t a g e s o f 

a b o u t 600 k V a c r o s s t h e g a p w e r e 
r e l i a b l y a c h i e v e d ( a n d u p t o 700 k V 
f o r s h o r t p e r i o d s ) . T h e e n e r g y g a i n 
p e r t u r n c o u l d t h e r e f o r e c l i m b t o 
2.4 M e V f u r t h e r i m p r o v i n g t h e o r b i t 
s e p a r a t i o n a n d e a s i n g t h e e j e c t i o n 
p r o b l e m . 

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

2 . The prototype sector magnet for the SIN 
cyclotron in which it was confirmed that the 
magnet design would provide the high precision 
fields needed in an isochronous cyclotron. Field 
mapping equipment protrudes from the aperture 
on the left. 

3. The prototype r.f. cavity for the SIN cyclotron 
which achieved accelerating field gradients 
comfortably in excess of the design figures. 

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

O t h e r p o i n t s t o n o t e c o n c e r n i n g t h e 
m a c h i n e i t se l f a r e t h a t a p o l a r i z e d i o n 
s o u r c e h a s b e e n d e s i g n e d f o r t h e i n 
j e c t o r c y c l o t r o n a n d i ts c o m p o n e n t s 
h a v e b e e n o r d e r e d . A x i a l i n j e c t i o n is 
s t i l l u n d e r s t u d y . It h a s b e e n d e c i d e d 
t o c o m p u t e r c o n t r o l b o t h a c c e l e r a t o r s 
u s i n g a n I B M 1800 ( w h e r e s o m e a d 
v a n t a g e c a n b e g a i n e d f r o m e x 
p e r i e n c e w i t h t h e s a m e c o m p u t e r in 
t h e c o n t r o l o f t h e C E R N PS a n d o t h e r 
a c c e l e r a t o r s ) . 

S t u d y o f t h e b e a m s t o b e p r o v i d e d 
in t h e e x p e r i m e n t a l ha l l is w e l l a d 
v a n c e d . A t t h e i n j e c t o r c y c l o t r o n t h e r e 
w i l l b e a p r o g r a m m e of l o w e n e r g y 
r e s e a r c h w i t h v a r i a b l e e n e r g y a n d a 
r a n g e o f a c c e l e r a t e d p a r t i c l e s ( p r o 
t o n s , d e u t e r o n s , a l p h a s , h e a v i e r 
ions . . . ) . F r o m t h e r i n g c y c l o t r o n t h e 
p r o t o n b e a m w i l l b e t a k e n a l o n g o n e 
w a l l o f t h e h a l l t o f e e d t w o m a i n 
t a r g e t s t a t i o n s in s e r i e s . T h e f i r s t w i l l 
h a v e a t h i n t a r g e t a n d w i l l b e t h e 
s o u r c e o f t h r e e p i o n b e a m s a n d a n u 
c l é o n b e a m . T h e s e c o n d w i l l h a v e a 
t h i c k t a r g e t a n d w i l l b e t h e s o u r c e o f 
f o u r p i o n b e a m s , o n e o f t h e m f o r m e d i 
c a l r e s e a r c h a n d c a n c e r t h e r a p y , a n d 
o f a m u o n b e a m ( u s i n g a 10 m l o n g 
s u p e r c o n d u c t i n g s o l e n o i d c h a n n e l ) . 
T h e t a r g e t s w i l l b e c o o l e d b y h e l i u m 
g a s t o a v o i d t h e p r o b l e m s of w a t e r 
a c t i v a t i o n . T h e p r o t o n b e a m c a n a l s o 
b e d i r e c t e d t o a t h i r d t a r g e t s t a t i o n 
( t r a v e l l i n g a d j a c e n t t o t h e w a l l o f t h e 
e x p e r i m e n t a l ha l l ) w h e r e it w i l l b e 
u s e d i n i t i a l l y t o p r o v i d e n e u t r o n 
b e a m s . A p o l a r i z e d t a r g e t w i t h a 
s u p e r c o n d u c t i n g m a g n e t is b e i n g 
d e v e l o p e d a l o n g w i t h m a n y o t h e r 
f a c i l i t i e s f o r e x p e r i m e n t s . 

It h a s a l w a y s b e e n t h e i n t e n t i o n 
t h a t a s i z a b l e f r a c t i o n o f t h e e x p e r i 
m e n t a l p r o g r a m m e w i l l b e c o n t r i b u t e d 
b y E u r o p e a n g r o u p s a n d d i s c u s s i o n s 
h a v e a l r e a d y s t a r t e d c o n c e r n i n g c o l -
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4. Aerial photograph, taken early this year, of 
the site at Villigen. The cyclotron and its 
experimental hall is located in the central 
building (with the saw-tooth roof) flanked by a 
services building on the right and the control 
room and workshop on the left. Towards the 
top right and corner of the photograph, the start 
of construction of the laboratory building can 
be seen and in the foreground is the Aare River. 

(Photos SIN) 

l a b o r a t i o n . R e s e a r c h g r o u p s , f r o m 
S w i t z e r l a n d a n d e l s e w h e r e , w i l l g o t o 
V i l l i g e n t o c a r r y o u t e x p e r i m e n t s a n d 
t h e n r e t u r n t o t h e i r h o m e b a s e , as 
t h e y d o w i t h C E R N . 

It h a s a l w a y s b e e n r e c o g n i z e d as 
a p o s s i b i l i t y t h a t t h e V i l l i g e n c y c l o 
t r o n c o u l d e v e n t u a l l y t a k e o v e r t h e 
r e s e a r c h p r o g r a m m e n o w s u s t a i n e d 
by t h e C E R N 600 M e V s y n c h r o - c y c l o 
t r o n . A d e c i s i o n o n t h i s is , h o w e v e r , 
s t i l l s o m e t i m e of f . If t h e S C is c l o s e d 
d o w n , t h e S I N f a c i l i t i e s w o u l d n e e d 
c o n s i d e r a b l e e x t e n s i o n t o c a t e r f o r a 
m u c h b i g g e r p r o g r a m m e o f i n t e r 
m e d i a t e e n e r g y p h y s i c s . T h e r e is 
s c o p e f o r e x t e n s i o n — f o r e x a m p l e , 
t h e e x p e r i m e n t a l ha l l d e s i g n is s u c h 
t h a t t h e b u i l d i n g c o u l d b e e x t e n d e d 
e a s i l y a n d n e w a r e a s f e d w i t h b e a m s 
w i t h o u t m u c h d i s r u p t i o n t o t h e lay 
o u t a l r e a d y b e i n g i m p l e m e n t e d . C l o s e 
c o l l a b o r a t i o n b e t w e e n S I N a n d C E R N 
is a l r e a d y u n d e r w a y . 

It is h o p e d t h a t t h e r e s e a r c h p r o 
g r a m m e w i l l b e a b l e t o s t a r t in t h e 
s p r i n g of 1974 f o l l o w i n g f i r s t a c c e l e r 
a t i o n o f p r o t o n b e a m s t o f u l l e n e r g y 
in t h e a u t u m n of t h e p r e v i o u s y e a r . 

CORNELL 
Improvement 
programme 
A n i m p r o v e m e n t p r o g r a m m e is u n d e r 
w a y t o e x t e n d t h e f a c i l i t i e s o f t h e 
C o r n e l l e l e c t r o n s y n c h r o t r o n L a b o r a 
t o r y in t h r e e w a y s . T h e m a x i m u m 
b e a m e n e r g y f r o m t h e a c c e l e r a t o r , 
t h e a v a i l a b l e e x p e r i m e n t a l a r e a a n d 
t h e L a b o r a t o r y ' s c o m p u t i n g c a p a c i t y 
a r e e a c h b e i n g i n c r e a s e d . 

A s t e p - b y - s t e p p r o g r a m m e t o 
i n c r e a s e t h e e n e r g y o f t h e s y n c h r o 
t r o n f r o m i ts p r e s e n t v a l u e o f 10 G e V 
t o a n u l t i m a t e e n e r g y o f 15 G e V h a s 
b e g u n . T h e r i n g m a g n e t a n d i ts p o w e r 

s u p p l y h a v e a l r e a d y b e e n r u n at 
12 G e V l eve l s a n d m i n o r m o d i f i c a t i o n s 
a r e in p r o g r e s s w h i c h w i l l a l l o w 
m a g n e t o p e r a t i o n t o p r o d u c e f i e l d s 
e q u i v a l e n t t o a b e a m e n e r g y o f 
15 G e V . A n y e n e r g y i n c r e a s e , h o w e v e r , 
a l s o r e q u i r e s m a j o r c h a n g e s t o t h e 
r.f. s y s t e m b e c a u s e t h e l oss o f e n e r g y 
b y s y n c h r o t r o n r a d i a t i o n g o e s u p 
s t e e p l y w i t h i n c r e a s i n g b e a m e n e r g y 
a n d t h i s has t o b e m a d e u p b y t h e 
r.f. s y s t e m in a d d i t i o n t o p r o v i d i n g t h e 
p o w e r f o r f u r t h e r a c c e l e r a t i o n . 

S i n c e e v e n a m o d e s t i n c r e a s e in 
e n e r g y w i l l b e of i m m e d i a t e a n d 
s i g n i f i c a n t b e n e f i t t o t h e p h y s i c s p r o 
g r a m m e , t h e p l a n is t o p r o c e e d in a t 
l eas t t w o s t e p s . T h e f i r s t p h a s e w i l l 
b e t o t a k e t h e p e a k e n e r g y t o 
12.3 G e V u s i n g c o n v e n t i o n a l r.f. 
c a v i t i e s ; t h i s w i l l b e d o n e b y t h e 
a d d i t i o n of o n e h i g h p o w e r a m p l i f i e r 
(1.25 M W p e a k , 170 k W a v e r a g e ) a n d 
o n e a c c e l e r a t i n g s e c t i o n t o t h e 
p r e s e n t s y s t e m . T e s t s o f t h e a d d i t i o n 
a l a c c e l e r a t o r s t r u c t u r e ( w h i c h w i l l b e 
a b a r - l o a d e d w a v e g u i d e r a t h e r t h a n 
d i s k - l o a d e d f o r e c o n o m y a n d s i m 
p l i c i t y of c o n s t r u c t i o n ) h a v e b e e n 
m a d e , a n d a n e w a m p l i f i e r a n d 
m o d u l a t o r a r e n o w u n d e r c o n s t r u c t i o n . 
T h i s p h a s e s h o u l d b e c o m p l e t e d b y 
a u t u m n of t h i s y e a r . 

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

in t h e C o r n e l l m a c h i n e . If n o t , it 
a p p e a r s f e a s i b l e t o i n c r e a s e t h e 
e n e r g y t o 15 G e V by a d d i n g t w o m o r e 
h i g h p o w e r a m p l i f i e r s a n d s i x a c c e l e r 
a t i n g s e c t i o n s ( f i ve o f w h i c h w o u l d 
r e p l a c e s e c t i o n s n o w in t h e s y n c h r o 
t r o n ) . 

T h e N a t i o n a l S c i e n c e F o u n d a t i o n 
h a s r e c e n t l y a p p r o v e d a p r o p o s a l (at 
a c o s t o f $ 1 M) t o b u i l d a n e x t e n s i o n 
t o t h e e x p e r i m e n t a l ha l l a l m o s t 
d o u b l i n g i ts a r e a . T h i s w i l l m a k e it 
p o s s i b l e f o r t h e L a b o r a t o r y t o a c 
c o m m o d a t e m o r e u s e r s , t h u s i n 
c r e a s i n g t h e e f f i c i e n c y o f u t i l i z a t i o n 
o f t h e a c c e l e r a t o r . T h e l eve l o f u s e 
b y e x t e r n a l g r o u p s h a s s i g n i f i c a n t l y 
i n c r e a s e d in t h e pas t y e a r . 

U n t i l r e c e n t l y t h e L a b o r a t o r y u s e d 
a n I B M 1800 c o m p u t e r in a t i m e 
s h a r i n g m o d e f o r s y n c h r o t r o n c o n t r o l , 
f o r o n - l i n e e x p e r i m e n t d a t a l o g g i n g 
a n d p r e l i m i n a r y a n a l y s i s , a n d f o r 
s o m e o f f - l i n e c o m p u t i n g . A l t h o u g h t h e 
1800 w o r k e d r a t h e r w e l l f o r t h e s e 
f u n c t i o n s , it w a s l i m i t e d in c a p a b i l i t y , 
a n d a l a r g e r c o m p u t e r w a s v e r y m u c h 
n e e d e d . In D e c e m b e r 1970, a P D P - 1 0 
w a s i n s t a l l e d t o p r o v i d e a m u c h l a r g e r 
c a p a c i t y f o r o n - l i n e d a t a r e c o r d i n g 
a n d a n a l y s i s in a rea l t i m e s h a r i n g 
m o d e . T h e m a i n c o m p u t e r is i n t e r 
f a c e d t o i n d i v i d u a l e x p e r i m e n t s 
t h r o u g h P D P - 1 1 m i n i - c o m p u t e r s w h i c h 
c a n l o g t h e d a t a d i r e c t l y o n t o m a g n e t i c 
t a p e w i t h o u t i n v o l v i n g t h e P D P - 1 0 , o r 
b u f f e r it i n t o t h e P D P - 1 0 f o r o n - l i n e 
a n a l y s i s . 
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General specifications Electrical specifica 
Composition 
Shell : brass 59 A 
Insulator : teflon PTFE 
Contact : brass 59 A 

Finish 
Shell: nickel + chrome 
RP + RPL types gold plated 3 microns 
Contacts : nickel and 3 microns gold plated 
Operating temperature range : -55° C +150° C 

Characteristic impedance : 50 Q ± 2 % 
Frequency range : 0-10 GHz 
Max VSWR 0 - f - 10 GHz : 1 :12 
Contact resistance : < 8 m Q 
Insulator resistance : > 10 1 2 Q under 500 V. DC 
Test voltage (mated F + RA) : 3 KV. DC 
Operating voltage (mated F + RA) : 1 KV. DC 

Normal maximum cable diameter : • 126 
Special arrangement : • 157 

Tél. (021) 71 1341 Télex 24 683 1110 MORGES ( S w i t z e r l a n d ) 

Lemo patented 
latching system 



Proceedings of the BANFF 
Summer School 

PROCEEDINGS OF THE BANFF SUMMER SCHOOL ON 
INTERMEDIATE ENERGY NUCLEAR PHYSICS, August 1970. 

Main contributors , 

C. WILKIN 

J.E. ROTHBERG 

T.E.O. ERICSON 

H. PALEVSKY 

R.J. SUTTER 

(Intermediate Energy Scattering 
Theory) 

(Muon Physics) 

(Pion-Nucleus Interactions) 

(Experiments with 1 GeV Protons) 

(Wire Spark Chamber Techniques) 

Price (postage included): $ 7 . 0 0 ; soft cover, 440pp. 
Available from : The Nuclear Research Centre, University 
of Alberta, Edmonton, Alberta, Canada. Attention : Miss 
G. Tratt. 

Angst+Pfister 

Synthetic and Natural Rubber 

• Engineering Plastics 

• GACO Sealing Products 

Power Transmission Elements 

52-54, route du Bois-des-Frères 

1211 LE LIGNON-GENÈVE 

Tel. (022) 45 14 00 

ZURICH MILAN PARIS 

CAMAC CRATE 
CONTROLLER 

Type 1501 

WÉÈÊÈÊÈÈmn m 

Fully 
meets 

ESONE A 
Specs 

Available 
from 

Stock 

Price 
S.Fr. 5250 

Also available: 

BRANCH DRIVER/INTERFACES 

to: HP Computers, PDP 9, PDP 15 and 
(soon) to Varian 620/i as well 

E L E C T R O N I C S 

4500 Solothurn 2, Switzerland. Tel. 065 4 8 8 2 1 . Telex 34228 
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Resistive loads 
For testing amplifiers, oscillators, 

transmitters up to 2000 kW 

BBC 
BROWN BOVERI 

Dummy load 600 kW, 50 ohms 

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

600 kW 
1000 kW 
2000 kW 
w i t h i m p e d a n c e s o f 50 , 120 a n d 150 o h m s u n b a l a n c e d a n d 300 o h m s b a l a n c e d * 

T h e s e i m p e d a n c e s r e m a i n p r a c t i c a l l y c o n s t a n t o v e r a v e r y w i d e f r e q u e n c y r a n g e 
s o t h a t t h e s t a n d i n g w a v e r a t i o f r o m 30 Hz t o 30 M H z is b e l o w 1:1.1 a n d b e t w e e n 
3 0 M H z a n d 250 M H z d o e s n o t e x c e e d 1:1.5 

W h e n e v e r h i g h - p o w e r d i s s i p a t i v e r e s i s t a n c e l o a d s a r e r e q u i r e d , s p e c i f y 

Brown, Boveri & Company Ltd., 5401 Baden/Switzerland -
S 
in 
in 

* Other impedances available on special order w 
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R E L I A B L E T E M P E R A T U R E C O N T R O L 
of plast ics machinery, industr ial furnaces and ovens, c l imat ic 
test equipment, and drying instal lat ions using JUMO electronic 
control lers with proven long-term performance, 

MESS- UNO ^ 
REGELTECH NIK 

RUF 0 6 6 1 / 8 3 1 
TELEX 04-9701 

M.K. JUCHHEIM GMBH & CO - D64 FULDA 

Technical Rubber 
and Plastics Goods 

This is your 
address : 

8051 Zurich 
Tél. (01)40 11 00 

Ask for free literature by sending this coupon 

• hose catalogue 
hydraulic hose catalogue 
air hose catalogue 
o-rings and seals catalogue 
rubber sheeting sample book 
power transmission elements 
rubber and plastics profiles 
protective rubber gloves 
MAAGinform periodical 
dielectric materials 

• • • • • • • • • 
Name 
Department 
Internal telephone No 

I Special interests 
I Signature _Date^ 

We have special radiation resistant rubber compounds that give 
unique service - please contact us for hoses, profiles, sheets, 
seals, cables. 

SAPHYMO-SRAT 
Le pionnier «j 
dans les alimentations | 
Standard « CAMAC » 

C7 ALJ 13 D 
200 Watts disponibles 

+ 6 v 
— 6 v 
+ 12 v 
— 12 v 
+ 24 v 
— 24 v 

25 A 
10 A 
3 A 
3 A 
3 A 
3 A 

DEPARTEMENT ALIMENTATIONS 

§ SAPHYMO-SRAT 
SERVICES COMMERCIAUX 

51, rue de l'Amiral Mouchez - Paris 13e - FRANCE 
Tél. 588.16.39, 588.45.39 

AUTRES FABRICATIONS 

Blocs BSI 
Blocs type CEA 
Alimentations variables de laboratoire 
Alimentations haute tension 
Alimentation multi-sorties 
Alimentations sur mesure 

1 7 3 



S O L A P T T R O N i 

6 0 4 

1 sensitivity 

19999 full scale 

remote programming 

infinite noise rejection 

0,005 % accuracy at 25 readings/sec. 

ac or dc readings 

mains locked integration period 

auto-ranging 

Schlumberger 

S D L A R T R O N 
AScMumberger Company 

We've launched a great new D.W.M. 
The LM 1604. It's a special as any
thing we've ever done. But it's 
special in a different way. It's been 
designed to cover a wide, wide 
range of applications - including 
yours. Our twelve page data sheet 
defines the 1604's capability. 
Write for it. 

1211 Genève 6 

15, Jeu-de-l'Arc, tél. (022) 35 99 50 

8040 Zurich 

Badenerstr. 333, tél. (01) 52 88 80 

a team at your service 

ALL CRYOSTATS 

ALL COILS 

L A B O R A T O I R E S de 

MARCOUSSIS 
Centre de Recherches de la Compagnie Générale d'Electricité 

91-Marcoussis-France-Tél.:(1) 9012002-Télex 26877-LABMARC0 
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V A C U U M S C H M E L Z E 

Multlcore Conductor 3,5x7,6 m m 2 twisted, 
with cryostatic stabilization 

dTi based alloy 
High Field Superconductor 

VACRYFLUX 5001® 
Application: 
Magnets both of 
big volume and on 
laboratory scale 
Single core conductors for magnets of high homogeneity 
(critical current density about 2-2,5x10 5 A /cm 2 at 5T) 

Multicore conductors containing 30 to 250 twisted 
superconducting strands, various degrees of stabilization, 
cross section circular or rectangular 
(diameter of superconducting cores: 0,1-0,2 mm) 

Filament conductors containing 60 to about 1000 twisted 
superconducting strands, intrinsically stable 
(critical currents varying from 100 to 2000 A at 5T) 

V A C U U M S C H M E L Z E G M B H • 645 HAN AU 
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Stabilised DCpower... 
Brentford performance keeps ahead 

Back in the early 60's, we supplied DC power stabilised to 1 part in ^̂ P̂ BBBBBBBB̂  1000 long term, including ripple,for the beam line magnets of the I TTS'iSn^S ̂ ^̂ ffHÎ Î̂ B 'Nimrod' proton synchrotron atthe Rutherford High Energy Laboratory 
/"-^^Sp^ l^B intheU.K. On our latest installations we are doing betterthan 1 part in 

^'l^l'jR^ V^^ ' '^n l | i ji^B " ^e r e a s o n could be summed up in one word. Experience. Since the 
7^^»Bfl I ^^^-^lliwI^B 5 ^ s ' w e h a v e developed stabilised DC power supplies from 10 to 

I ^ i i m " ^ l l l , " l 1 l fS * t j^B 10^00 KW, 50,000 amperes. Our reputation as specialists has taken 
WêÈ if?? ^^ i r - iMBBi^B our equipment into many advanced projects-into CERN Switzerland, 

I ^ • I J ' l l ? t ^ v ' s . ^ H B ^ B the Culham and Harwell laboratories of the U.K.A.E.A., the Rutherford 1 ^ l l t ^ }^^^m^Ê a n c * Daresbury laboratories of the Science Research Council, the 
- ̂  X « - ^ > ' llllH^B Argonne and National Accelerator laboratories U.S.A., and Heidelberg 

RS^' '! " and D.E.S.Y. in West Germany. ' ' ^̂ ^̂ B̂ ^ s o u r e x P e r ' e n c e grows, our designs achieve ever tighter tolerances. 
* BRi*̂ ' :,:i i; i i i i i^^^^lï^^H ^ e c a n t ^ i a t beam steady, even with coincidence of load resist-

.^..v_y^ ance changes, ambient temperature changes, frequency variations, 
^ ^ ^ y | | | i | l M s tep functions and slow rate changes in the AC supply. B̂BBBBBiflBJJBHBflMRB̂ I While you search deeper and deeper into the nature of matter - leave 
^^BlPiVfffS power problems to Brentford. 

BfffjM BRENTFORD & 
^ H 3 3 9 S 9 G V § W /f5lk Brentford Electric Limited, Manor Royal, Crawley, Sussex, England ^Êmimm I »1 Telephone: Grawley (0293)27755 Telex: 87252 THE QUEEN s AWARD ^^mmdumiimjMgaiMasw^ W ^ J I - U I

K _ , 1 • O TO INDUSTRY 1971 ^ g ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ g ^ ^ ^ ^ l j ^ ^ - 5 / Cables: Breco Telex Crawley Sussex AMEMBER OFTHEGHPGROUP FOR TECHNICAL INNOVATION 

1 part m™ 
LQOOO 

lpartin 
10Û000 
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New 
CAMAC 
modules 
from EG&G 
Quad 24-bit CAMAC 
Scaler . . . 125 to 150 MHz 
continuous operation 
• New S424 in shielded, 

single-width CAAAAC-
compatible package 

• Protected inputs re
spond to signals < 3 ns, 
FWHAA 

• Two switch-selected 
INHIBIT modes: 
CAMAC INHIBIT (I 
line).OR'ed with NIM 
fast INHIBIT, or front-
panel INHIBIT only 

• Front-panel NIAAfast 
RESET on "Br idg ing" 
input 

• Overf low or Carry at 
rear output 

Quad 16-bit CAMAC 
Sca ler . . . 50 MHz typ
ical, 4 0 MHz guaranteed 
• New S416 in single-

width CAAAAC package 
• Designed to CERN 

AAicroscaler Type 003 
specs 

• Dual 32-bit operation 
by simple serialization 

• CAAAAC INHIBIT gate 
common to all sections 

• LEAAO front panel inputs 

For complete systems or 
individual instruments to 
meet your CAAAAC inter
face and system needs, 
including the new ET100/N 
Time Encoder, EA100/N 
Ampli tude Encoder and 
the CCI00 CAAAAC 
Crate Controller, call or 
write EG&G or your local 
EG&G Representative 
now. We can help you 
solve your interfacing, 
shielding and premium 
power conservation prob
lems related to CAAAAC. 
EG&G Inc., Nuclear 
Instrumentation Division, 
35 Congress St., Salem, 
Mass. 01970 U.S.A. 

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 

1 * 2 

S A T E 

G A T E 

Pilot M. an ©ut-of-the-ordinary plastic scintillator 
f o r o u l - o f 

I h e - o r d i i M i r y 

The only solvent-bondable 
scintillator available, 
Pilot M provides: 
• Clear, high-strength joints for 

large and complex confi
gurations, and applications 
involving physical stress 

• Superior light transmission 
m Excellent bonding to light 

pipes — ideal for 
cryogenic applications 

• Scintillation properties 
approaching Pilot B 

Send for 
complete data 
on Pilot M 
and other 
superior 
Pilot Chemicals 
scintillators. 

tdOst N e w E n g l a n d N u c l e a r 
Pilot Chemicals Division^ 

In Europe: 
NEN Chemicals GmbH 
6072 Dreielchenhair 

bel Frankfurt/M., 
Siemensstrasse 1, 
Postfach 71 > Germai 
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Digital 

Linear 
National Semiconductor Corporat ion 

TTL/MSI 
TTL NATIONAL'S TRI-STATE LOGIC 
TYPICAL APPLICATIONS 

BX DATA OUT 

RX/TX CONTROL 

n=G> • RXOATAOUT 

: TX DATA IN, 

: RX/TX CONTROL 

1/4 DM8003 

SINGLE-ENDED TRANSMISSION 

SI ROBE —+•{— 

1/2 DM8820 —* 

RX/TX CONTROL 

DIFFERENTIAL TRANSMISSION 

B I - D I R E C T I O N A L D A T A L I N E S 

FOR DRIVING OTHER TTL INPUTS 

SELECTED AS 
DRIVING DEVICE 

GATED INTO 
HI IMPEDANCE 

STATE 

GATED INTO 
HI IMPEDANCE 

STATE 

ONE OF FOUR 

OUTPUTS 

40 /iA 
LEAKAGE 
CURRENT 

PER CONN. 

40 ijA 

40 mA 

N a t i o n a l S e m i c o n d u c t o r h a s c o m m i t t e d i tse l f t o d e 

v e l o p i n g a n d e n t i r e l y n e w c o n c e p t in T T L It, in f a c t , 

is t h e n e x t l eve l o f m a t u r i t y in d i g i t a l IC ' s a n d it is 

h e r e t o d a y . W e , a t N a t i o n a l , c a l l i t t r i - s t a t e l o g i c . It 

m a y b e r e f e r r e d t o , a t t i m e s , a s b u s — o r g a n i z e d T T L , 

w i r e — O R ' a b l e T T L , o r e v e n b u s O R ' a b l e l o g i c . T h e 

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

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

O n e ( n o r m a l T T L l eve l s ) a n d O F F w h e r e i n a n O F F 

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

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

l o g i c l e v e l . A t m o s t , it m a y r e q u i r e 40 l e a k a g e 

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

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

THE TRI-STATE FAMILY TODAY — 
AND THE FUTURE 

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

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

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

i ts s c h e d u l e d r e l e a s e d a t e if n o t c u r r e n t l y a v a i l a b l e . 

In t h e N a t i o n a l n u m b e r i n g s y s t e m t h e D M 7 x x x is t h e 

— 55° t o + 1 2 5 ° C f u l l m i l i t a r y v e r s i o n w h i l e t h e 

D M 8 x x x is t h e 0°C t o 70°C c o m m e r c i a l v e r s i o n . 

1 . D M 7 5 5 1 / D M 8 5 5 1 — 

2. D M 7 2 3 0 / D M 8 2 3 0 — 

3. D M 7 8 3 1 / D M 8 8 3 1 — 

4. D M 7 0 9 3 / D M 8 0 9 3 — 

5. D M 7 0 9 4 / D M 8 0 9 4 — 

6. D M 7 2 1 4 / D M 8 2 1 4 — 

7. D M 7 5 5 2 / D M 8 5 5 2 — 

8. D M 7 5 5 3 / D M 8 5 5 3 — 

9. D M 7 5 5 4 / D M 8 5 5 4 — 

Q u a d - D F l i p - F l o p 

B u s L i n e D e m u l t i p l e x e r 

P a r t y L i n e D r i v e r 

T r i - s t a t e B u f f e r G a t e 

T r i - s t a t e B u f f e r G a t e 

D u a l 4 - L i n e - t o - L i n e 

M u l t i p l e x e r 

D e c a d e C o u n t e r & 

L a t c h ( 2 n d Q t r 7 1 ) 

E i g h t - B i t S t o r a g e L a t c h 

(3 rd Q t r 7 1 ) 

H e x a d e c i m a l C o u n t e r & 

L a t c h ( 2 n d Q t r 7 1 ) 

CALL US FOR FURTHER INFORMATIONS 10. D M 7 5 9 8 / D M 8 5 9 8 2 5 6 - B i t E x p a n d a b l e R O M 

E. Fermer, elektronische Gerâte und Bauteile, Rheinfelderstrasse 16-18, 4450 Sissach 061 85 33 85 

E. Fenner, Electronics, Coulouvrenière 44, 1204 Genève 022 24 86 20 
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Radioactive 

For more information mail coupon to 
dept. t 6 • 

Please* phone 

on models 

_send informat ion 

N a m e -

T i t l e . _Dept ._ 

Organ iza t ion 

Address 

City State Z ip _ 

Phone 

J o h n s t o n 
Laboratories, Inc. 

3 Industry Lane, Cockeysville, Maryland, USA 21030 

TRITON systems monitor gamma 
radiation, tritium, argon-41, carbon-14, 

chlorine-36, fluorine-18, krypton-85, 
radon-222, sulfur-35, xenon-133, and 

xenon-135. Features: 0.5 micron 
absolute filters, electrostatic precipitators, 

positive displacement pumps, gamma 
compensation to 5 mR/hour , 

Triton 955. Exceptional sensitivity: 
1 0 M C i / M 3 full scale for H 3 . 

Triton 1055. Portable. Operates on 
rechargeable batteries. 

Sensitivity: 5 0 , uC i /M3 full scale for H 3 . 
Triton 755C. Suitable for rack mounting. 
Sensitivity: 100 / xC i /M3 full scale for H 3 . 

Triton 1125. Mil-Spec quality. 
Portable, rugged, rainproof. 

1 0 0 M C i / M 3 full scale for H 3 . 
Tritium Calibrator (CL-1). For field 

calibration of Triton monitors. Accurate, 
rapid calibration in 3 to 5 minutes. 

Remote Alarm (RA-1). Audible and 
visual. Powered from main instrument. 

Operates up to 500 ft. from main 
instrument. 

Spectrometry 
Components 

Focused Mesh Multiplier (MM-1). For 
pulse counting or current measurement 
o f electrons, ions, U V or x-ray photons, 

and energetic neutral atoms or molecules. 
Guaranteed reactivateable. Delivered 

gain: 10 6 to 10 8 . Noise less than 1 
count/minute at 10 7 gain. Gain 

stability at count rates in excess of 
106/second. Bakeable at 350° C. No 

ion feedback. Non-magnetic. 1.5 sq. in. 
active surface area. (Model MM-2 , 

miniature version of MM-1. ) 
Pulse Amplifier Discriminator (PAD-1). 

L o w power consumption. Charge 
sensitive input. Rise time: 3 nanoseconds. 

Adj . discriminator: 20:1 range. Rugged. 
Miniature. (Model PAD-2 for pulse 

counting rates to lO^sec.) 
Regulated High Voltage Power Supply 

(HV-4R). N o vacuum tubes. Output: 
500 v. to 6.1 kv. Reversible polarity. 

Noise less than 300 microvolts RMS. 
Drift less than .01%/hour, .02%/day. 

179 

you can 
count on! 



Pour le stockage et la distribution de l'hélium liquide, nous mettons 

à la disposition des laboratoires et centres de recherches, une gamme très 

étendue de matériels réalisés à partir des techniques les plus évoluées. 

1 8 0 

L'AIR LIQUIDE 
DIVISION MATÉRIEL CRYOGÉNIQUE 
57 , avenue Carnot 94 - CHAMPIGNY s/MARNE - FRANCE 

Tél. 8 8 3 - 9 7 - 4 0 - Télex CHAMPALCHAMP 23.884 


