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Polarized deuterons 
T h e C E R N P o l a r i z e d T a r g e t G r o u p h a s 

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

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

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

g e t s o f s i z e a b l e v o l u m e . T h e g r o u p h a s 

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

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

o f a l c o h o l s . 

A f i r s t t e s t a t a t e m p e r a t u r e o f 1 ° K , 

u s i n g ' h e a v y ' e t h a n o l (C2D5OD) m i x e d 

w i t h 8 % h e a v y w a t e r (D2O) a n d 2 % o f 

p o r p h y r e x i d e ( t h e f r e e r a d i c a l w h i c h is 

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

in a l c o h o l s ) g a v e a 6.5 % p o l a r i z a t i o n . 

H o w e v e r , i t w a s p o s s i b l e t o p r e d i c t 

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

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

t o a n e w t h e o r y , t h a t a 2 0 % p o l a r i z a t i o n 

c o u l d b e o b t a i n e d a t 0.5° K in h e a v y b u -

t a n o l ( M . B o r g h i n i a n d K. S c h a e f f e r , 

P h y s i c s L e t t e r s A , 3 1 , 5 3 5 , 1970 ) . S u c h a 

r e s u l t w a s a c h i e v e d a t C E R N o n 10 J u l y 

in a m i x t u r e o f h e a v y b u t a n o l ( 9 8 % d e u -

t e r a t e d ) m i x e d w i t h 5 % h e a v y w a t e r a n d 

d o p e d w i t h 1 % p o r p h y r e x i d e , u s i n g a 

n e w l y d e v e l o p e d h e l i u m 3 c r y o s t a t ( s e e 

C E R N C O U R I E R v o l . 10 , p a g e 112) . 

T h e d i f f e r e n c e b e t w e e n t h e f i g u r e 

a c h i e v e d w i t h p r o t o n s ( 6 5 % in t h e s a m e 

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

m o m e n t o f t h e d e u t e r o n ( d e u t e r i u m 

n u c l e u s ) w h i c h i s o n l y VÔ t h a t o f a p r o t o n . 

T h i s is n o t t h e f i r s t a t t e m p t t o p o l a r i z e 

d e u t e r i u m . In 1965 a D u b n a g r o u p , u s i n g 

h e a v y L M N , a c h i e v e d a p o l a r i z a t i o n o f t h e 

o r d e r o f 1 0 % . B u t t h i s c o u l d b e u s e d f o r 

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

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

w i t h t h e o t h e r n u c l e i i n t h e c o m p l e x 

t a r g e t m o l e c u l e . In 1969 , a Y a l e g r o u p 

o b t a i n e d a 3 . 7 5 % p o l a r i z a t i o n in s o l i d 

d e u t e r i u m . 

T h e n e w t a r g e t s d e v e l o p e d a t C E R N 

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

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

a s in j t d - ^ j t d , o r a s p o l a r i z e d n e u t r o n 

t a r g e t s , o r f o r p o l a r i z a t i o n m e a s u r e m e n t s 

o n p i o n p h o t o p r o d u c t i o n . In o r d e r t o s t u d y 

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

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

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

Figure 1 shows the nuclear magnetic resonance 
signals from deuterons in butanol, under posi­
tive and negative polarizations. In a magnetic 
field (25 kG in this case) each deuterium atom 
has three possible energy levels, corresponding 
to its magnetic quantum number (m) being 
1,0 or -1. These levels (as illustrated in Figure 2) 
are evenly split by the interaction of the magnetic 
moment with the magnetic field by an amount 
proportional to m, (giving a splitting of the order 
of 16 MHz) and, to a smaller extent (about 
50 kHz) by the coupling of the deuteron quadru-
pole moment with electrical gradients within the 
solid, by a quantity proportional to m2. Magnetic 
resonance measures the frequency of transitions 
between the levels. 

The splitting between the levels depends on 
the orientation of the electrical field with the 
magnetic field; as these orientations are random 
in frozen alcohols, the pattern observed is the 
sum of the pairs of lines corresponding to all 
possible orientations. One of the two peaks 
is mainly due to transitions between m = 1 and 
m = 0 levels, and the other between m — 0 and 
m = -1 levels. When deuterons reach a sizeable 
positive polarization, they spend more time in 
the m = 1 state, than in m = 0, and more time 
in the m = 0 state than in m = -1. Conse­
quently, the peak corresponding to 1/0 transitions 
is higher than that corresponding to 01-1 tran­
sitions. When the polarization is negative, the 
reverse situation occurs. This makes it possible 
to compute the degree of polarization (20 % in 
this case) from relative intensities of the peaks. 

C E R N - O r s a y - P i s a g r o u p h a s p e r f o r m e d a 

s h o r t t e s t r u n w i t h a b e a m , o f 1 0 G e V / c 

n e g a t i v e p i o n s o n a 4 c m 3 t a r g e t o f h e a v y 

b u t a n o l , c o o l e d t o 0 .55° K, w i t h 2 0 % 

p o l a r i z a t i o n . 

PS magnet replaced 
It b e c a m e n e c e s s a r y in 1966 t o r e p l a c e 

m a g n e t N o . 1 o f t h e P S r i n g b e c a u s e o f 

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

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

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

a v a i l a b l e a t t h e t i m e , N o . 102 , w a s 

i n s t a l l e d . 

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

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

y e a r . T h e 2 5 0 0 m e t a l f o i l s f o r m i n g t h e 

y o k e o f a P S m a g n e t a r e s t u c k t o g e t h e r 

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

r a d i a t i o n ( a s s e s s e d a t 1 0 9 r a d f r o m 1966 

t o 1970 in t h i s r e g i o n ) , t h e a d h e s i v e w e a k ­

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

o f t h e y o k e b e c a m e d e t a c h e d a t t h e 

e d g e s . T h e m o v e m e n t o f t h e s e f o i l s , a s 

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

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

2. 
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1. The five cooling towers for the cooling system 
of the Intersecting Storage Rings. The tower 
on the left is used in connection with the 
cooling for the air-conditioning plant; the four 
others are used in connection with the cooling 
for the magnets of the rings and the beam 
transfer lines. 
2. The ISR cooling system plant room. On the left 
in the foreground are two small groups of 
refrigerators for the air-conditioning system, then 
three large groups of refrigerators for the magnet 
cooling. Partly hidden are the water-water heat 
exchangers. In the background are the water 
treatment units. On the right are the pumps 
which distribute the cooled water. 

s u p p l y c a b l e s . A n e l e c t r i c a r c e n s u e d , in 

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

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

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

b r e a k i n g t h e v a c u u m , e t c . . . 

T h e m a g n e t c o u l d n o t b e c h a n g e d 

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

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

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

t y p e a v a i l a b l e . T h e d e f e c t i v e m a g n e t w a s 

k e p t in u s e t e m p o r a r i l y a s t h e i r r e g u l a r i ­

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

W o r k b e g a n a s s o o n a s p o s s i b l e o n b u i l d ­

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

t e s t i n g , m a g n e t 103 w a s i n s t a l l e d d u r i n g 

a m a c h i n e s h u t d o w n . S o m e o f t h e f o i l s 

f r o m t h e y o k e o f m a g n e t N o . 1 , r e m o v e d 

f r o m t h e m a c h i n e in 1966 , w e r e u s e d a g a i n 

f o r t h e n e w m a g n e t . 

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

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

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

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

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

o f t h e e d g e s o f y o k e s h a v e s h o w n t h a t 

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

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

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

w i t h i n a f e w y e a r ' s t i m e . It w i l l b e p o s s i b l e 

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

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

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

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

u s e d . 

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

t h e P S w i t h t h e i m p r o v e m e n t p r o g r a m m e , 

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

m o r e q u i c k l y t h a n b e f o r e , a l t h o u g h t h e 

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

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

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

h i g h e r i n j e c t i o n e n e r g y . 

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

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

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

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

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

t h e e n d f o i l s b y t h i c k e r , o n e - p i e c e b l o c k s . 

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

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

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

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

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

t o u s e t h e P S a s a n i n j e c t o r f o r t h e 3 0 0 

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

ISR Cooling System 
A t f u l l p o w e r , t h e c o o l i n g s y s t e m f o r t h e 

I n t e r s e c t i n g S t o r a g e R i n g s ( n o t i n c l u d i n g 

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

c a p a c i t y o f a b o u t 2 7 G c a l / h , w h i c h is 

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

P S . T h e d i f f e r e n c e is m a i n l y d u e t o t h e 

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

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

h a v e a d . c . p o w e r s u p p l y . 

A n e x c h a n g e r o f t h e t y p e u s e d in t h e 

P S , w i t h a t o t a l - l o s s w a t e r c i r c u l a t i o n 

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

w a t e r s u p p l y t o C E R N o f s o m e 1200 m 3 / h 

w h i c h , b y i t se l f , c o u l d c o s t a b o u t 2 0 

m i l l i o n s S w i s s f r a n c s . P r e f e r e n c e w a s 

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

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

w a t e r - w a t e r h e a t e x c h a n g e r s a n d r e f r i ­

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

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

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

a r e t w o s e p a r a t e s y s t e m s , o n e (23.4 G c a l / h ) 

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

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

o t h e r (3 G c a l / h ) f o r t h e a i r - c o n d i t i o n i n g 

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

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

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

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

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

1 3 ° C a n d l e a v e s a t 3 3 ° C . It t h e n p a s s e s 

t h r o u g h t h e w a t e r - w a t e r h e a t e x c h a n g e r , 

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

f l o w s t h r o u g h t h e t o w e r s . T h e w a t e r w i l l 

t h u s b e c o o l e d b y a t l e a s t 7 ° C a t t h e 

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

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

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

m a c h i n e s , l e a v i n g a t 1 2 ° C . T h e c o n d e n s e r s 

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

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

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

t o 70 m 3 / h l o s t b y e v a p o r a t i o n a n d p e r c o l a ­

t i o n in t h e t o w e r s . T o b e p r e c i s e , t h e w o r d 

' l o s t ' is i n c o r r e c t , f o r t h e w a t e r u s e d f o r 

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

w a t e r o f C E R N , w h i c h w o u l d o t h e r w i s e 

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

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

T h e w a t e r f r o m t h e e v a p o r a t o r s is s e n t 

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

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

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