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Cover photograph: He has one I The US President's budget message 

on 23 January announced $275 million for the construction of ISABELLE at 

Brookhaven and the project will be headed by Jim Sanford. Jim was 

photographed alongside a placard 7 want an atom smasher' which had been 

carried by a demonstrator at Batavia during the visit of a team from Atomic 

Energy Commission prior to the selection of the Fermilab site. The photograph 

was taken at the opening of the Atom Smasher' exhibition at the Smithsonian 

Institution in Washington — the subject of our first article. (Photo Fermilab) 



Atom 
Smashers.. 
Fifty Years 
A s r e p o r t e d in o u r D e c e m b e r i s s u e , a n 
e x h i b i t i o n t r a c i n g t h e h i s t o r y a n d 
d e v e l o p m e n t o f p a r t i c l e a c c e l e r a t o r s 
a n d p a r t i c l e d e t e c t o r s h a s o p e n e d a t 
t h e N a t i o n a l M u s e u m o f H i s t o r y a n d 
T e c h n o l o g y o f t h e S m i t h s o n i a n I n s t i t u ­
t i o n in W a s h i n g t o n . It is p r o b a b l y t h e 
m o s t t h o r o u g h e x h i b i t i o n e v e r p u l l e d 
t o g e t h e r in o n e p l a c e o f t h e i n s t r u m e n ­
t a t i o n u s e d in t h e s t u d y o f t h e n a t u r e o f 
n a t t e r . By n o w , o f c o u r s e , w e h a v e 

p a s s e d b e y o n d ' a t o m s m a s h e r s ' t o 
' n u c l e u s s m a s h e r s ' a n d ' p a r t i c l e 
s m a s h e r s ' b u t t h e p o p u l a r n a m e f o r a l l 
a c c e l e r a t o r s w a s c h o s e n f o r t h e e x h i b i ­
t i o n w h i c h h a s t h e t i t l e ' A t o m 
S m a s h e r s . . . F i f t y Y e a r s ' . 

T h e e x h i b i t s o p e n w i t h d o c u m e n t s , 
p a p e r s , n o t e b o o k s a n d p h o t o g r a p h s 
f r o m t h e y e a r s o f r e s e a r c h i n t o 
r a d i o a c t i v i t y a n d t h e p r o p e r t i e s o f 
n u c l e i a n d t h e f i r s t i d e a s o n a c c e l e r a ­
t i o n t e c h n i q u e s . T h e s e i n c l u d e , f o r e x ­
a m p l e , t h e n o t e b o o k s o f Ro l f W i d e r o e 
f r o m 1 9 2 3 in w h i c h he o u t l i n e d 
b e t a t r o n a c c e l e r a t i o n a n d l i n e a r 
r e s o n a n c e a c c e l e r a t i o n a n d t h e 1 9 2 8 
s k e t c h e s o f E.T.S. W a l t o n a n d L e o 
S z i l a r d o f t h e i r l i n e a r a c c e l e r a t o r i d e a s . 

T h e r e is a f u l l s i ze r e p l i c a o f t h e a c ­
c e l e r a t o r t u b e o f t h e v o l t a g e - m u l t i p l i e r 
s y s t e m u s e d in E n g l a n d b y W a l t o n 
w i t h J o h n C o c k c r o f t in 1 9 3 2 in t h e f i r s t 

One of the opening displays at the exhibition is 
a portrait of J.J. Thomson, (the first man to 
realize, in 1897, that he was smashing atoms) 
which appears behind replicas of his cathode 
ray tubes. His explanation of the cathode ray 
phenomenon concluded, 'atoms are not 
indivisible for negatively charged particles can 
be torn from them by the action of electrical 
forces'. 

(Photo Fermilab) 

Reassembly at the Smithsonian under the 
supervision of Louis Brown of the first Van de 
Graaff accelerator which was built by Merle 
Tuve, Odd Dahl and Lawrence Hafstad at the 
Department of Terrestrial Magnetism of the 
Carnegie Institution in Washington in 1932. 
These machines were amongst the first to 
achieve MeV energies sufficient to penetrate 
the nucleus. 

(Photo Smithsonian) 



The generation of cyclotrons, initiated by E.O. 
Lawrence at Berkeley in the 1930s, brought in 
the crucial idea of using the same accelerating 
fields repeatedly by circulating particles 
through them many times. An exhibit including 
a model of this 27 inch cyclotron with an actual 
vacuum chamber was prepared for the 
Smithsonian under the direction of Ed Lofgren. 
The original magnet now stands outside the 
Lawrence Hall of Science at Berkeley. • 

(Photo LBL) 

The exhibition has the 1946 control console of 
the Berkeley 60 inch cyclotron which was 
completed in 1939. Behind it is a 1939 
blackboard announcement of the Nobel Prize 
award to Lawrence. Photographed at the 
console is Ed McMillan, former Director of 
Berkeley, himself Nobel Prize winner and 
discoverer, with Vladimir Veks/er, of the phase 
stability principle which led to synchro­
cyclotrons and synchrotrons. 

(Photo Fermilab) 

s u c c e s s f u l a t o m s m a s h e r . O t h e r s w e r e 
h o t o n t h e i r h e e l s — t h e f i r s t V a n d e 
G r a a f f a c c e l e r a t o r w h i c h o p e r a t e d a t 
t h e C a r n e g i e I n s t i t u t i o n in 1 9 3 2 h a s 
b e e n t r a n s p o s e d t o t h e S m i t h s o n i a n . 
B o t h t h e s e t y p e s o f m a c h i n e a re 
l i m i t e d in p e a k e n e r g y b y t h e i r 
o p e r a t i n g p r i n c i p l e o f m a i n t a i n i n g a 
h i g h v o l t a g e g r a d i e n t t h r o u g h w h i c h 
t h e p a r t i c l e s p a s s o n c e . 

T h e r o u t e t o s t i l l h i g h e r a t o m 
s m a s h e r e n e r g y r e a l l y o p e n e d u p w h e n 
E.O. L a w r e n c e e m e r g e d w i t h t h e i dea 
o f t h e c y c l o t r o n w h i c h , b y c i r c u l a t i n g 
t h e p a r t i c l e s t h r o u g h t h e s a m e a c ­
c e l e r a t i o n s y s t e m m a n y t i m e s , c o u l d 
i n c r e a s e e n e r g i e s in s m a l l d o s e s . 
N o t e b o o k s o f L a w r e n c e a n d S t a n 
L i v i n g s t o n c o v e r t h e t i m e f r o m t h e f i r s t 
s u c c e s s f u l o p e r a t i o n o f t h e 4 i n c h 
c y c l o t r o n a t B e r k e l e y t o t h e c o n s t r u c ­
t i o n o f t h e 2 7 i n c h c y c l o t r o n in 1 9 3 6 
w h i c h a c h i e v e d p r o t o n e n e r g i e s o f 6 
M e V . A m o d e l o f t h e 2 7 i n c h m a c h i n e 
is e x h i b i t e d as w e l l as t h e s e c o n d c o n ­
t r o l c o n s o l e , b u i l t i n 1 9 4 5 , o f t h e s u b ­
s e q u e n t 6 0 i n c h m a c h i n e c o m p l e t e d in 
1 9 3 9 . L a w r e n c e w e n t o n t o b u i l d t h e 
1 8 4 i n c h c y c l o t r o n a t B e r k e l e y a n d 
c y c l o t r o n s in m o d e r n g u i s e , s u c h as 
t h o s e a t S I N i n S w i t z e r l a n d a n d 
T R I U M F in C a n a d a , a re s t i l l ' f r o n t - l i n e 
m a c h i n e s . L a w r e n c e w a s a l s o a f e r ­
v e n t p r o m o t e r o f t h e u s e o f a t o m 
s m a s h e r s in m e d i c a l a p p l i c a t i o n s a n d 
w o u l d b e h a p p y a t t h e p r e s e n t 
w i d e s p r e a d u s e o f c y c l o t r o n s in 
h o s p i t a l s . 

A l o n g s i d e t h e c y c l o t r o n e x h i b i t s is 
D . W . K e r s t ' s ' m a g n e t i c i n d u c t i o n a c ­
c e l e r a t o r ' , t h e f i r s t b e t a t r o n w h i c h 
o p e r a t e d in 1 9 4 0 . A c c o m p a n y i n g i t is 
t h e E u r o p e a n e q u i v a l e n t — t h e 
b e t a t r o n b u i l t d u r i n g t h e W a r a t t h e 
S i e m e n s - R e i n i g e r W e r k e in E r l a n g e n . 
B e t a t r o n s h a v e s u b s e q u e n t l y g o n e t o 
t h e h u n d r e d s o f M e V r e g i o n , f o r e x a m ­
p l e , t h e 3 4 0 M e V m a c h i n e a t t h e 
U n i v e r s i t y o f I l l i no i s . 

L i n e a r a c c e l e r a t o r s , b o t h f o r p r o t o n s 
a n d f o r e l e c t r o n s , c a m e i n t o f a s h i o n 
s o o n a f t e r t h e w a r m a i n l y as a c o n s e -

4 



An exhibit on the historical development of 
linear electron accelerators was prepared by 
SLAC. It includes a prewar 'rhumbatron', 
sections of the Mark I (1947) and Mark III 
(1952) linacs, and a 3 metre section of the 
SLAC accelerator. On the left stands a SLAC 
klystron, cut away to show electron gun and 
cavities. Suspended overhead is the first of the 
medical linacs completed in 1955 for the 
Stanford University Medical Center. 

Modern proton synchrotrons are represented 
particularly by the Fermilab 500 GeVmachine 
of which there is this large aerial photograph 
and a 30 metre complete section of the main 
ring tunnel with back lit transparencies across 
the ends giving the impression of its 
continuation around the 6 km circumference. 

(Photos Fermilab) 

q u e n c e o f t h e p r o d u c t i o n o f p o w e r f u l 
m i c r o w a v e a m p l i f i e r t u b e s f o r r a d a r 
a p p l i c a t i o n s . T h e e x h i b i t i o n p r e s e n t s 
t h e d e v e l o p m e n t o f b o t h t y p e s . T h e r e 
is a s e c t i o n ( t h e f i r s t s i x t h ) o f t h e 4 0 
f o o t p r o t o n l i n a c o p e r a t e d a t B e r k e l e y 
in 1 9 4 7 b y Lu i s A l v a r e z . It r e a c h e d 3 0 
M e V a n d w a s s e e n as a s t e p e n r o u t e 
t o 1 G e V b u t t h i s w a s p u t a s i d e . T h e 
p r e s e n t 8 0 0 M e V m a c h i n e a t L o s 
( A l a m o s is n o t f a r f r o m t h a t f i r s t g o a l . 

A c r o s s t h e S a n F r a n c i s c o B a y , t h e 
e l e c t r o n l i n a c w a s e m e r g i n g f r o m 
d e v e l o p m e n t s a t S t a n f o r d U n i v e r s i t y . 
T h e w a y h a d a l r e a d y b e e n p a v e d b y 
t h e p r e - W a r w o r k o f W i l l i a m H a n s e n 
a n d Russe l l V a r i a n . H a n s e n h a d e x ­
p e r i m e n t e d w i t h e l e c t r o n b e a m s p a s ­
s e d t h r o u g h s m a l l c o p p e r c a v i t i e s f e d 
w i t h r.f. p o w e r . S u c h a ' r h u m b a t r o n ' 
f r o m 1 9 3 7 is d i s p l a y e d a t t h e e x h i b i ­
t i o n as a re V a r i a n ' s n o t e b o o k s w i t h t h e 
o r i g i n a l c o n c e p t o f t h e k l y s t r o n p o w e r 
a m p l i f i e r s . 

S e c t i o n s o f t h e M a r k I ( 1 . 5 M e V ) a n d 
M a r k III ( 2 0 0 M e V ) e l e c t r o n l i n e a r a c ­
c e l e r a t o r s , o p e r a t e d a t S t a n f o r d 
U n i v e r s i t y in 1 9 4 7 a n d 1 9 5 2 r e s p e c ­
t i v e l y , a re s h o w n . T h e r e b u i l t M a r k III 
e v e n t u a l l y r e a c h e d 1.2 G e V in 1 9 6 4 . 
The c r o w n i n g g l o r y o f e l e c t r o n l i n a c s is 
d i s p l a y e d as a 3 m e t r e s e c t i o n o f t h e 
S L A C m a c h i n e w h i c h n o w r e a c h e s 
e n e r g i e s in e x c e s s o f 2 0 G e V . T o c o m ­
p l e t e t h e l i n a c s e c t i o n o f t h e e x h i b i t , 
t h e r e is a 6 M e V e l e c t r o n l i n a c u s e d in 
m e d i c a l a p p l i c a t i o n s in t h e e a r l y 
1 9 5 0 s a t S t a n f o r d — t h e f i r s t o f a l o n g 
s e r i e s u s e d in c a n c e r r e s e a r c h a n d 
t h e r a p y . 

T h e n e x t m a j o r a d v a n c e t o w a r d s i n ­
c r e a s i n g a t o m s m a s h e r e n e r g i e s w a s 
t h e p h a s e s t a b i l i t y p r i n c i p l e ( a d v a n c e d 
i n d e p e n d e n t l y b y Ed M c M i l l a n a n d 
V l a d i m i r V e k s l e r in t h e m i d 1 9 4 0 s ) 
w h i c h k e e p s t h e a c c e l e r a t i n g f i e l d s in 
s t e p w i t h t h e i n c r e a s i n g p a r t i c l e 
m o m e n t u m . T h e y o p e n e d t h e d o o r t o 
s y n c h r o t r o n s a n d M c M i l l a n b u i l t a 3 3 0 
M e V e l e c t r o n s y n c h r o t r o n a t B e r k e l e y 
in 1 9 4 9 . T h i s m a c h i n e is t h e m o s t 
e l a b o r a t e l y r e c o n s t r u c t e d o f t h e w h o l e 
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1 .At the opening of the exhibition in December, 
the exhibits are toured by S. Dillon Ripley 
(Secretary of the Smithsonian Institution) and 
his wife. 

2. Bill Wal/enmeyer (left) from DOE conveys his 
historical perspective to C.N. Yang during the 
opening cocktail. James Kane, Director of the 
Division of Physical Research of DOE, is in the 
background on the left. 

3. Paul Forman (right) organizer of this 
exhibition stands with Bruce Strauss (Fermilab) 
before a layout drawing of the CERN 
Intersecting Storage Rings which are the major 
exhibit in the 'current developments' section. 

(Photos Fermilab) 

e x h i b i t i o n a n d w a s p u t t o g e t h e r u n d e r 
t h e d i r e c t i o n o f R u d i n J o h n s o n w h o 
h a d o p e r a t e d i t f o r m a n y y e a r s . 

C y c l o t r o n s a l so b e n e f i t e d f r o m t h e 
n e w p h a s e s t a b i l i t y p r i n c i p l e a n d in 
t h e i r s y n c h r o - c y c l o t r o n v e r s i o n s t h e y 
h a v e b e e n t a k e n s i n c e 1 9 6 7 as h i g h as 
1 G e V p e a k p r o t o n e n e r g y a t t h e 
G a t c h i n a L a b o r a t o r y n e a r L e n i n g r a d . 

A t o m s m a s h e r e n e r g i e s w e r e t a k e n 
i n t o t h e G e V s in 1 9 5 2 w i t h t h e 3 G e V 
p r o t o n s y n c h r o t r o n , t h e C o s m o t r o n , a t 
B r o o k h a v e n o f w h i c h t h e r e is a b i g 
C - s h a p e d m a g n e t b l o c k o n d i s p l a y . 
1 0 G e V w a s t h e n b r e a c h e d a t D u b n a in 
t h e S o v i e t U n i o n w h i l e t h e n e x t g r e a t 
i d e a h a d a r r i v e d t o c l i m b h i g h e r s t i l l . 
N i c o l a s C h r i s t o f i l o s a n d , i n d e p e n d e n t ­
ly , E r n e s t C o u r a n t , S t a n L i v i n g s t o n a n d 
H. S n y d e r d e v e l o p e d t h e c o n c e p t o f 
a l t e r n a t i n g g r a d i e n t f o c u s i n g w h i c h 
a l l o w e d h i g h e r e n e r g i e s a n d h i g h e r a c ­
c e l e r a t e d b e a m i n t e n s i t i e s . D o c u ­
m e n t s f r o m t h e i r w o r k a r e s h o w n . 

E l e c t r o n s y n c h r o t r o n s w e r e t h e f i r s t 

t o f a s t e n o n t o t h e a l t e r n a t i n g g r a d i e n t 
i d e a a n d t h e r e a re s t a c k s o f t h e 
s p e c i a l l y s h a p e d p o l e - p i e c e l a m i n a ­
t i o n s u s e d in t h e 1.2 G e V m a c h i n e b u i l t 
b y B o b W i l s o n a t C o r n e l l in 1 9 5 2 . In 
E u r o p e , B o n n U n i v e r s i t y h a d a 5 0 0 
M e V m a c h i n e in o p e r a t i o n in 1 9 5 8 . 
C o r n e l l h a s s i n c e t a k e n e l e c t r o n s y n ­
c h r o t r o n e n e r g i e s h i g h e s t w i t h t h e i r 
1 2 G e V m a c h i n e . 

B i g p r o t o n s y n c h r o t r o n s u s i n g t h e 
a l t e r n a t i n g g r a d i e n t f o c u s i n g t e c h n i ­
q u e w e r e l e d b y t h e o p e r a t i o n o f t h e 2 8 
G e V p r o t o n s y n c h r o t r o n b u i l t u n d e r 
J o h n A d a m s a t C E R N in 1 9 5 9 ( s y m b o l 
o f t h e g r e a t E u r o p e a n r e v i v a l in t h i s 
f i e l d ) , c l o s e l y f o l l o w e d b y t h e 3 3 G e V 
A G S b u i l t u n d e r K e n G r e e n a t 
B r o o k h a v e n . T h e h i g h e n e r g y c r o w n 
n o w b e l o n g s t o t h e 5 0 0 G e V m a c h i n e 
b r o u g h t i n t o o p e r a t i o n u n d e r B o b 
W i l s o n a t F e r m i l a b in 1 9 7 2 , A 1 0 
m e t r e s e c t i o n o f t h e F e r m i l a b t u n n e l is 
o n e o f t h e m a i n a t t r a c t i o n s a t t h e e x ­
h i b i t i o n . 

D r a m a t i c f u r t h e r i n c r e a s e s b y o r d e r s 
o f m a g n i t u d e in a t o m s m a s h e r e n e r g y 
c a n n o t be e x p e c t e d w i t h t h e p r e s e n t 
t e c h n o l o g y t h o u g h s u p e r c o n d u c t i v i t y 
w i l l h a v e a n i m p a c t . It is v ia c o l l i d i n g 
b e a m s in s t o r a g e r i n g s t h a t t h e s t u d y 
o f h i g h e r e n e r g y p h e n o m e n a l o o k s 
m o s t p r o m i s i n g . S u p e r c o n d u c t i v i t y 
a n d s t o r a g e r i n g s a r e f e a t u r e d in a ' c u r ­
r e n t d e v e l o p m e n t s ' s e c t i o n a t t h e e x ­
h i b i t i o n w h i c h h a s a s t r o n g E u r o p e a n 
f l a v o u r . 

T h e r e is a p r e s e n t a t i o n o f t h e 
v a c u u m c h a m b e r o f t h e f i r s t e l e c t r o n 
s t o r a g e r i n g , A d A , o f F r a s c a t i a n d 
O r s a y a c c o m p a n i e d b y B r u n o T o u -
s c h e k ' s n o t e s . T h i s w o r k o p e n e d t h e 
r o u t e t o t h e P E T R A m a c h i n e a t D E S Y , 
t h e PEP m a c h i n e a t S L A C a n d t h e LEP 
p r o j e c t in E u r o p e . T h e r e is a l a r g e d i s ­
p l a y o n t h e C E R N p r o t o n ' I n t e r s e c t i n g 
S t o r a g e R i n g s ' , b u i l t u n d e r K je l l 
J o h n s e n , u p t o n o w a u n i q u e m a c h i n e 
w h i c h w i l l s e e a h i g h e r e n e r g y v e r s i o n , 
I S A B E L L E , a t B r o o k h a v e n . 



From Franck and Hertz 
to Partons and Quarks 

T h e f i n a l p a r t o f t h e e x h i b i t i o n is 
g i v e n t o t h e d e v e l o p m e n t o f p a r t i c l e 
d e t e c t i o n t e c h n i q u e s w i t h G e i g e r -
M u l l e r t u b e s , R. H o f s t a d t e r ' s f i r s t 
s o d i u m i o d i d e s c i n t i l l a t o r , s p a r k 
c h a m b e r s , m u l t i w i r e p r o p o r t i o n a l 
c h a m b e r s , a r e p l i c a o f W i l s o n ' s f i r s t 
c l o u d c h a m b e r , n u c l e a r e m u l s i o n s , 
G l a s e r ' s f i r s t b u b b l e c h a m b e r s t h r o u g h 
t o t h e 8 0 i n c h h y d r o g e n c h a m b e r f r o m 
B r o o k h a v e n , ' F r a n c k e n s t e i n ' b u b b l e 
c h a m b e r f i l m m e a s u r i n g e q u i p m e n t , 
e t c . 

T h e e x h i b i t i o n w a s o r g a n i z e d b y 
P a u l F o r m a n , c u r a t o r o f M o d e r n 
P h y s i c s a t t h e M u s e u m o f H i s t o r y a n d 
T e c h n o l o g y , a s s i s t e d b y C l a u d i n e 
K l o s e a n d M i c h a e l M e o . J o h n S c h m i d 
w a s e x h i b i t d e s i g n e r a n d R i c h a r d V i r g o 
c o o r d i n a t o r . Bi l l H e r m a n n s f e l d t , s u p ­
p o r t e d b y Bi l l W a l l e n m e y e r a n d S a m 
L i n d e n b a u m , i n i t i a t e d t h e e x h i b i t i o n 
w h i l e in W a s h i n g t o n w i t h E R D A , a n d 
h i s s u c c e s s o r , D a v e S u t t e r , h e l p e d 
k e e p i t m o v i n g . It w a s p r e p a r e d in c o l ­
l a b o r a t i o n b e t w e e n t h e S m i t h s o n i a n 
I n s t i t u t e a n d t h e U S D e p a r t m e n t o f 
E n e r g y . 

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

T h r o u g h o u t t h e h i s t o r y o f p a r t i c l e 
p h y s i c s , s c a t t e r i n g e x p e r i m e n t s u s i n g 
e l e c t r o n b e a m s h a v e h e l p e d p h y s i c i s t s 
t o g a i n n e w i n s i g h t s i n t o t h e s t r u c t u r e 
o f m a t t e r . T h e c l ass i c e x p e r i m e n t s o f 
J . F r a n c k a n d G. H e r t z in 1 9 1 4 w i t h 
e l e c t r o n s a n d m e r c u r y a t o m s w e r e 
s o m e o f t h e f i r s t e x a m p l e s o f s c a t t e r ­
i n g . B e s i d e s p r o v i d i n g d i r e c t e v i d e n c e 
f o r t h e e x i s t e n c e o f d i s c r e t e e n e r g y 
l e v e l s in a t o m s , t h e s e e x p e r i m e n t s 
s h o w e d i o n i s a t i o n e f f e c t s in w h i c h 
c o n s t i t u e n t s w e r e e j e c t e d f r o m t h e 
m e r c u r y a t o m s in v i o l e n t c o l l i s i o n s . 

S u b s e q u e n t e x p e r i m e n t s a t t h e 
C a v e n d i s h L a b o r a t o r y , C a m b r i d g e , e x ­
t e n d e d t h i s s t u d y o f a t o m i c s t r u c t u r e 
u s i n g e l e c t r o n b e a m s . T h e s p e c t r a 
w h i c h w e r e o b t a i n e d t y p i c a l l y s h o w e d 
a p e a k o f e l a s t i c a l l y s c a t t e r e d 
e l e c t r o n s w h i c h h a d l os t e n e r g y o n l y 
t h r o u g h g i v i n g e n e r g y t o t h e r e c o i l i n g 
a t o m , w h i l e s e c o n d a r y p e a k s w e r e 
s e e n , e a c h c o r r e s p o n d i n g t o a p a r ­
t i c u l a r e n e r g y l oss t h r o u g h g i v i n g d i s ­
c r e t e q u a n t i t i e s o f e n e r g y f o r a n a t o m i c 
t r a n s i t i o n . F ina l l y a b r o a d p e a k w a s o b ­
t a i n e d c o r r e s p o n d i n g t o i o n i s a t i o n 
p r o c e s s e s w h e r e t h e i n c i d e n t e l e c t r o n s 
k n o c k e d b o u n d e l e c t r o n s o u t o f t h e 
a t o m i c s y s t e m . 

T h e n e x t g e n e r a t i o n o f e l e c t r o n 
s c a t t e r i n g e x p e r i m e n t s w a s c a r r i e d o u t 
b y R. H o f s t a d t e r a n d h is c o l l a b o r a t o r s 
a t S t a n f o r d in t h e 1 9 5 0 s . W i t h 
e n e r g i e s m i l l i o n s o f t i m e s g r e a t e r t h a n 
t h o s e o f F r a n c k a n d He r t z , t h e S t a n f o r d 
e l e c t r o n s w e r e a b l e t o p r o b e i n s i d e 
a t o m i c n u c l e i . H e r e , t h e e n e r g y l o s s e s 
r e f l e c t e d n u c l e a r t r a n s i t i o n s a n d g a v e 
v a l u a b l e i n f o r m a t i o n o n n u c l e a r e n e r g y 
l e v e l s . In a d d i t i o n , n u c l e i l i ke h e l i u m 
w i t h r e s t r i c t e d s t a b l e e n e r g y l e v e l s 
s h o w e d n u c l e a r ' i o n i s a t i o n ' e f f e c t s 
w h e r e c o m p o n e n t n u c l e o n s w e r e 
k n o c k e d o u t b y t h e i n c o m i n g 
e l e c t r o n s . 

M o s t r e c e n t l y , t h e e l e c t r o n s c a t t e r ­
i n g e x p e r i m e n t s w i t h G e V e n e r g i e s a t 
S L A C in t h e l a t e 1 9 6 0 s h a v e a d d e d a 
f u r t h e r c h a p t e r . T h e s e e l e c t r o n s w e r e 
a b l e t o p i e r c e t h e n u c l e o n s t h e m s e l v e s 

a n d s h o w e d f o r t h e f i r s t t i m e t h a t 
t i n y c o n s t i t u e n t p a r t i c l e s , b a p t i s e d 
' p a r t o n s ' b y R. F e y n m a n , w e r e l u r k i n g 
i n s i d e t h e n u c l e o n s . T h u s in t h e s p a c e 
o f s i x t y y e a r s , e l e c t r o n e x p e r i m e n t s 
h a v e h e l p e d p e e l b a c k t h r e e l a y e r s o f 
t h e s t r u c t u r e o f m a t t e r , s h o w i n g in 
e a c h c a s e , t h a t t h e r e is a f u r t h e r l eve l 
o f c o r p u s c u l a r e f f e c t s h i d d e n b e n e a t h . 

H o w e v e r , t h e r e a r e s i g n s t h a t , w i t h 
t h e d i s c o v e r y o f p a r t o n s , t h e l i m i t o f 
c o r p u s c u l a r i t y h a s b e e n r e a c h e d , o r a t 
l e a s t t h a t t h e c o n s t i t u e n t s o f t h e 
n u c l e o n s b e h a v e v e r y d i f f e r e n t l y t o t h e 
c o n s t i t u e n t s o f t h e a t o m s a n d o f t h e 
n u c l e u s . W h i l e a t o m i c a n d n u c l e a r e x ­
p e r i m e n t s s h o w i o n i s a t i o n e f f e c t s 
w h e r e c o n s t i t u e n t p a r t i c l e s a re s e t f r e e 
b y e n e r g e t i c e n o u g h c o l l i s i o n s , t h e 
n u c l e o n d o e s n o t ' i o n i s e ' a n d , u p t o t h e 
h i g h e r e n e r g i e s y e t a c h i e v e d , n o c o n ­
v i n c i n g s i g n o f f r e e p a r t o n s has b e e n 
s e e n . 

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

If t h e c o n s t i t u e n t s a l w a y s r e m a i n 
f i r m l y l o c k e d i n s i d e n u c l e o n s , h o w c a n 
t h e y b e r e c o g n i s e d a n d h o w c a n t h e i r 
p r o p e r t i e s b e s t u d i e d ? 

The parton picture 

T h e b a s i c i d e a o f t h e p a r t o n p i c t u r e is 
v e r y s i m p l e . A t h i g h e n e r g y , t h e i n c i ­
d e n t e l e c t r o n s (or o t h e r p o i n t - l i k e p r o ­
j e c t i l e s , s u c h as n e u t r i n o s o r m u o n s ) 
s c a t t e r f r o m t h e p a r t o n s w i t h i n t h e 
t a r g e t n u c l e o n s . In e a c h s c a t t e r i n g 
p r o c e s s , o n e p a r t o n i n t e r a c t s w i t h t h e 

7 



Inelastic electron scattering over the years: 

1. Scattering of low energy electrons on 
mercury vapour recorded at the Cavendish 
Laboratory in the 1930s. The large signal from 
elastically scattered electrons is not shown. The 
peak at an energy loss of 6.3 electron-volts is 
caused by transitions involving an outer 
electron energy level in the mercury atoms. The 
broad peak at higher energy losses comes from 
scatterings on inner electrons. 

2. Scattering of 400 MeV electrons on helium 
nuclei at Stanford in the 1950s. The sharp peak 
due to elastic scattering is followed by a broad 
enhancement due to scattering from 
component nucleons. 
3. Scattering of 4.9 GeV electrons on hydrogen 
at SLAC in the 1960s. The elastic peak (much 
reduced in scale to fit into the diagram) and 
excitation effects are followed by a broad 
signal, this time due to scattering from 
component partons within the proton. 
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Energy loss in electron volts 

7. 

i n c o m i n g p a r t i c l e , w h i l e t h e o t h e r 
p a r t o n s b e h a v e as ' s p e c t a t o r s ' . 

D u r i n g e a c h i n t e r a c t i o n , t h e p a r t o n 
is c o n s i d e r e d t o b e h a v e as a f r e e p a r t i ­
c l e . S i n c e f r e e p a r t o n s h a v e n e v e r b e e n 
s e e n , t h i s a s s u m p t i o n s e e m s p u z z l i n g . 
H o w e v e r , if t h e i n t e r a c t i o n t i m e s a re 
s h o r t e n o u g h , i t is p o s s i b l e t h a t in t h e 
c o l l i s i o n s , t h e p a r t o n s d o n o t g e t a 
c h a n c e t o ' f e e l ' t h e f o r c e s w h i c h b i n d 
t h e m t o g e t h e r in t h e n u c l e o n s . U n d e r 
t h i s a s s u m p t i o n , w e o b t a i n a d e s c r i p ­
t i o n o f t h e o v e r a l l n u c l e o n b e h a v i o u r 
b y a d d i n g u p t h e i n d i v i d u a l i n t e r a c ­
t i o n s o f i t s f r e e c o m p o n e n t p a r t o n s . 

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

T h u s t h e h i g h e n e r g y b e h a v i o u r f o r 
l a r g e m o m e n t u m t r a n s f e r s r e d u c e s t o 
a f o r m w h i c h d e p e n d s f o r i t s 
m a g n i t u d e o n l y o n t h e k i n e m a t i c a l 
c o n d i t i o n s o f t h e e x p e r i m e n t s ( e n e r g y , 
m o m e n t u m t r a n s f e r , a n d s o o n ) a n d is 
i n d e p e n d e n t o f a n y d i m e n s i o n e d 
c h a r a c t e r i s t i c s l i ke t h e m a s s e s o f t h e 
p a r t i c i p a t i n g p a r t i c l e s , a n e f f e c t i v e 
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Energy of scattered 
electrons in MeV 

2. 

' s i ze ' o f t h e i n t e r a c t i o n r e g i o n , e t c . A s a 
c o n s e q u e n c e , w e c a n p r e d i c t p a r t i c l e 
b e h a v i o u r o n c e w e h a v e o b s e r v e d 
b e h a v i o u r u n d e r o n e s e t o f k i n e m a t i c a l 
c o n d i t i o n s b y s i m p l y ' s c a l i n g ' a c ­
c o r d i n g t o t h e n e w k i n e m a t i c s o f t h e 
e x p e r i m e n t . 

T h e r e s u l t , k n o w n as ' B j o r k e n 
s c a l i n g ' s i n c e i t o r i g i n a t e d w i t h J . D . 
B j o r k e n , is n o t a t al l o b v i o u s , a n d is c e r ­
t a i n l y n o t o b s e r v e d in m o s t s c a t t e r i n g 
p r o c e s s e s , t h e b e h a v i o u r o f w h i c h d e ­
p e n d s o n t h e n a t u r e o f t h e p a r ­
t i c i p a t i n g p a r t i c l e s . 

T h e f i r s t r e s u l t s o f e l e c t r o n - p r o t o n 
s c a t t e r i n g a t t h e 2 0 G e V e l e c t r o n 
l i n e a r a c c e l e r a t o r a t S t a n f o r d s e e m e d 
t o s h o w , t h a t f o r l a r g e m o m e n t u m 
t r a n s f e r s , B j o r k e n s c a l i n g a p p a r e n t l y 
w a s e x a c t . E x c i t e m e n t rose t h a t h e r e , 
i n d e e d , w a s p r o o f t h a t t h e p r o t o n i t se l f 
h a d a g r a i n y s t r u c t u r e . 

Partons and quarks 

T h i s w a s n o t t h e f i r s t t i m e t h a t t h e i d e a 
o f c o n s t i t u e n t s w i t h i n t h e n u c l e o n a n d 
o t h e r h a d r o n s h a d p r o v e d s u c c e s s f u l . 
For m a n y y e a r s b e f o r e t h e v e r i f i c a t i o n 
o f t h e p a r t o n p i c t u r e , t h e o r i s t s r e a l i z e d 
t h a t t h e o b s e r v e d p r o l i f e r a t i o n o f p a r t i ­
c l e s a n d t h e i r c l a s s i f i c a t i o n i n t o 
f a m i l i e s c o u l d b e a c c o u n t e d f o r b y t h e 
e x i s t e n c e o f a s m a l l n u m b e r o f b u i l d i n g 
b l o c k s , t e r m e d ' q u a r k s ' , f r o m w h i c h a l l 
h a d r o n s w e r e p r e s u m e d t o b e c o m ­
p o s e d . 

T h e s e q u a r k i d e a s w e r e a b l e t o e x -

2.8 3.0 3.2 3.4 3#6 3.8 4.0 4.2 , 4.4 4.6 

Energy of scattered 
electrons in GeV 

3. 

p l a i n w i t h a s t o n i s h i n g s u c c e s s t h e 
s t a t i c p r o p e r t i e s o f h a d r o n s , s u c h as 
e l e c t r i c c h a r g e , s t r a n g e n e s s a n d s p i n 
a n d t h e i r g r o u p i n g t o g e t h e r i n t o 
f a m i l i e s . H o w e v e r f r e e q u a r k s h a d 
n e v e r b e e n s e e n , a n d d e s p i t e i t s 
t r i u m p h a n t s u c c e s s e s f o r p a r t i c l e c l a s ­
s i f i c a t i o n , t h e q u a r k m o d e l h a d v e r y 
l i t t l e t o s a y a b o u t t h e d y n a m i c a l 
b e h a v i o u r o f h a d r o n s a n d t h e s p e c t r a 
s e e n in s c a t t e r i n g e x p e r i m e n t s . 

T h e s c a l i n g b e h a v i o u r s e e n a t S t a n ­
f o r d w a s t h e f i r s t d y n a m i c a l e v i d e n c e 
f o r t h e e x i s t e n c e o f c o n s t i t u e n t s w i t h i n 
h a d r o n s , a n d i t w a s t e m p t i n g t o i d e n ­
t i f y p a r t o n s w i t h q u a r k s a n d s o t i e 
t o g e t h e r t w o i m p o r t a n t d e v e l o p m e n t s ^ ! 
i n t h e o r y . H o w e v e r m o r e p r o o f w a s r e ­
q u i r e d b e f o r e t h i s j u m p c o u l d be m a d e . 

I m p o r t a n t e v i d e n c e w h i c h h e l p e d t o 
c l i n c h t h i s u n i f i c a t i o n o f t h e q u a r k a n d 
p a r t o n i d e a s c a m e f r o m n e u t r i n o e x ­
p e r i m e n t s a t C E R N u s i n g t h e G a r -
g a m e l l e b u b b l e c h a m b e r . T h e r e s u l t s 
f r o m t h e s e e x p e r i m e n t s s h o w e d t h a t 
t h e r e w e r e t h r e e b a s i c c o m p o n e n t s i n ­
s i d e t h e n u c l e o n , e a c h w i t h s p i n o n e -
ha l f . T h e q u a r k a n d p a r t o n b e c a m e o n e 
a n d t h e s a m e t h i n g . 

Scale breaking 

A l l g o o d t h i n g s h a v e t o c o m e t o an 
e n d . T h e B j o r k e n s c a l i n g ' l a w ' in 
e l e c t r o n - n u c l e o n s c a t t e r i n g is o n l y an 
a p p r o x i m a t i o n v a l i d a t v e r y l a rge 
m o m e n t u m t r a n s f e r s . W h i l e t h e 
m o m e n t u m t r a n s f e r s in t h e S L A C e x -
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The Split Field Magnet at the CERN Intersecting 
Storage Rings, scene of the investigation of the 
production of 'jets' in violent proton-proton 
collisions. These jets could be the hadronic 
equivalent of ionisation processes in atomic 
and nuclear physics. 

(Photo CERN 12.9.75) 

p e r i m e n t s w e r e l a r g e , t h e y w e r e n o t 
l a r g e e n o u g h t o j u s t i f y t h e a p p r o x i m a ­
t i o n s u s e d in t h e a n a l y s i s , a n d t h e s c a l ­
i n g s h o u l d a t b e s t b e o n l y r o u g h l y c o r ­
rec t . S u b s e q u e n t e x p e r i m e n t s a t S t a n ­
f o r d a n d F e r m i l a b s h o w e d t h a t t h i s i n ­
d e e d w a s t h e c a s e . 

H o w e v e r t h e o b s e r v e d s c a l i n g e f ­
f e c t s , e v e n t h o u g h o n l y a p p r o x i m a t e , 
a re s t i l l r e l e v a n t a n d p r o v i d e an i m p o r ­
t a n t w i n d o w o n t h e u n d e r l y i n g q u a r k / 
p a r t o n s t r u c t u r e o f t h e h a d r o n s . A t t h e 
s a m e t i m e , t h e d e v i a t i o n s f r o m s c a l i n g 
( sca le b r e a k i n g ) c a n p r o v i d e c l u e s t o 
t h e l e p t o n - p a r t o n i n t e r a c t i o n w h i c h 
c o n t r i b u t e s t o w a r d t h e o b s e r v e d 
b e h a v i o u r . 

In t h e s i m p l e s t t r e a t m e n t o f t h e 
q u a r k / p a r t o n m o d e l , t h e i n d i v i d u a l 
l e p t o n - p a r t o n i n t e r a c t i o n s a re d e ­
s c r i b e d b y t h e e a s i e s t m e c h a n i s m s t o 
w r i t e d o w n — s i n g l e p h o t o n e x c h a n g e 
f o r e l e c t r o m a g n e t i c s c a t t e r i n g a n d 
h e a v y b o s o n e x c h a n g e f o r w e a k i n ­
t e r a c t i o n s . A l t h o u g h t h e s e m e c h a ­
n i s m s d o c o n t r i b u t e s i g n i f i c a n t l y t o t h e 
o b s e r v e d b e h a v i o u r , a n d g i v e s c a l i n g , 
t h e r e is a d r e s s i n g o f a d d i t i o n a l e f f e c t s 
w h i c h c a n s t i l l b e i m p o r t a n t , e v e n a t 
v e r y l a r g e m o m e n t u m t r a n s f e r s . 

In a r e l a t i v i s t i c f i e l d t h e o r y , s u c h as 
t h a t r e q u i r e d t o d e s c r i b e t h e b e h a v i o u r 
o f t h e q u a r k / p a r t o n s , i n t e r a c t i o n s b e ­
t w e e n t h e p a r t i c l e s a n d t h e f i e l d i t se l f 
h a v e t o b e i n c l u d e d . A l s o , t h e c o n t i n u a l 
p r o d u c t i o n a n d a n n i h i l a t i o n o f p a r t i c l e -
a n t i p a r t i c l e p a i r s h a s t o b e t a k e n i n t o 
a c c o u n t , s o t h a t e v e n a v a c u u m ' h a s 
r e s i d u a l p a r t i c l e p r o p e r t i e s . 

In t h e m a i n l y n o n - r e l a t i v i s t i c w o r l d 
o f a t o m i c a n d n u c l e a r s t r u c t u r e , s u c h 
c o r r e c t i o n t e r m s , d u e t o t h e i n t e r a c t i o n 
o f a c h a r g e d p a r t i c l e w i t h f i e l d p h o t o n s 
a n d t h e s p o n t a n e o u s c r e a t i o n o f 
e l e c t r o n - p o s i t r o n p a i r s a re a l m o s t u n ­
h e a r d of . H o w e v e r , in t h e w o r l d o f 
r e l a t i v i s t i c e l e c t r o d y n a m i c s t h e s e e f ­
f e c t s b e c o m e i m p o r t a n t a n d p r o d u c e 
m e a s u r a b l e e f f e c t s l i ke t h e L a m b s h i f t 
b e t w e e n a d j a c e n t a t o m i c s p e c t r a l 
l i nes . 

For t h e q u a r k / p a r t o n t o o , t h e i n ­

t e r a c t i o n w i t h t h e f i e l d h a s t o b e t a k e n 
i n t o a c c o u n t . L i k e w i s e , t h e c o n t i n u a l 
f o r m a t i o n o f q u a r k - a n t i q u a r k p a i r s 
m e a n s t h a t , f o r e x a m p l e , n u c l e o n s 
b e h a v e as t h o u g h t h e y c o n t a i n e d a 
s m a l l p r o p o r t i o n o f a n t i q u a r k s in a d d i ­
t i o n t o t h e i r m a i n q u a r k c o n s t i t u e n t s . 
Q u a r k f i e l d t h e o r y , a l s o k n o w n as 
q u a n t u m c h r o m o d y n a m i c s , a t t e m p t s 
t o d e s c r i b e t h e i n t e r a c t i o n s b e t w e e n 
q u a r k / p a r t o n s as t h e r e s u l t o f t h e e x ­
c h a n g e o f m a s s l e s s ' g l u o n s ' in t h e 
s a m e w a y t h a t q u a n t u m e l e c t r o ­
d y n a m i c s u s e s m a s s l e s s p h o t o n s t o 
d e s c r i b e s u c c e s s f u l l y e l e c t r o m a g n e t i c 
p h e n o m e n a . ( S o m e o f t h e i d e a s 
b e h i n d q u a n t u m c h r o m o d y n a m i c s 
w e r e d e s c r i b e d in t h e N o v e m b e r i s s u e , 
1 9 7 7 , p a g e 3 8 0 ) . 

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

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

Hadron — hadron interactions 

W h i l e l e p t o n - n u c l e o n s c a t t e r i n g e x ­
p e r i m e n t s p r o v i d e a g o o d t e s t i n g 
g r o u n d f o r q u a r k / p a r t o n i d e a s , t h e y 
c a n n o t b e u s e d t o i n v e s t i g a t e t h e h i g h 
e n e r g y i n t e r a c t i o n s o f t h e q u a r k / 
p a r t o n s w i t h e a c h o t h e r . For t h i s , t h e 
p h y s i c i s t s h a v e t o t u r n t o p u r e l y 
h a d r o n i c e x p e r i m e n t s . 

It w a s in 1 9 7 2 t h a t e x p e r i m e n t s at 
' t he C E R N I n t e r s e c t i n g S t o r a g e R i n g s 
f i r s t s h o w e d t h a t t h e p r o d u c t i o n of 
h a d r o n s a t w i d e a n g l e s t o t h e i n c o m ­
i n g b e a m s ( i .e. l a r g e m o m e n t u m 
t r a n s f e r s ) w a s m u c h g r e a t e r t h a n 
w o u l d b e e x p e c t e d b y e x t r a p o l a t i n g 
t h e b e h a v i o u r s e e n c l o s e r t o t h e b e a m 
d i r e c t i o n . T h i s i n d i c a t e d t h a t s o m e 
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n e w m e c h a n i s m m u s t b e a t w o r k in t h e 
p r o t o n - p r o t o n s c a t t e r i n g w h i c h c o u l d 
p e r h a p s b e r e l a t e d t o t h e p a r t o n 
p h e n o m e n a s e e n in l e p t o n - n u c l e o n 
s c a t t e r i n g . 

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

W h e t h e r t h e h a r d s c a t t e r i n g c e n t r e s 
e n c o u n t e r e d in p r o t o n - p r o t o n c o l l i ­
s i o n s a re in f a c t q u a r k / p a r t o n s is n o t 
y e t c l ea r . T h e r e s u l t s o b t a i n e d s o f a r 
c e r t a i n l y d o n o t r u l e o u t t h i s l o g i c a l 
c o n c l u s i o n . In t h e s e h a d r o n i c e x p e r i ­
m e n t s , s c a l i n g e f f e c t s a re s e e n a n d 
p r o v i d e a n i m p o r t a n t m e a n s o f 

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

F ree q u a r k s a re s t i l l n o t s e e n b u t t h e 
h i g h e n e r g y p r o t o n - p r o t o n c o l l i s i o n s 
d o p r o d u c e ' j e t s ' o f s e c o n d a r y p a r t i c l e s 
w h i c h e m e r g e w i t h r a t h e r w e l l - d e f i n e d 
d i r e c t i o n s . T h e s e j e t s h a v e n o w b e e n 
e x t e n s i v e l y s t u d i e d (see J u n e i s s u e 
1 9 7 7 , p a g e 1 9 6 ) a n d c o u l d p e r h a p s b e 
t h e h a d r o n i c e q u i v a l e n t o f i o n i s a t i o n 
as e x p e r i e n c e d e a r l i e r f o r a t o m s a n d 
n u c l e i . 

T h e c o r p u s c u l a r s t r u c t u r e o f t h e 
n u c l e o n h a s n o w b e e n d e m o n s t r a t e d 
in a w i d e v a r i e t y o f e x p e r i m e n t s . 
H o w e v e r , u n l i k e t h e o t h e r c o r p u s c u l a r 
s y s t e m s k n o w n in N a t u r e , t h e n u c l e o n 
d o e s n o t b r e a k u p i n t o i ts c o n s t i t u e n t s , 
p r e f e r r i n g i n s t e a d t o l ose e x c e s s 
e n e r g y b y c r e a t i n g m o r e p a r t i c l e s . 

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

It is a l m o s t as t h o u g h t h e q u a r k / 
p a r t o n s a re ' t i e d ' i n s i d e t h e n u c l e o n b y 
a t h i c k s t r i n g w h j i c h is n o r m a l l y s l ack . 
O n l y in v e r y v i o l e n t c o l l i s i o n s d o e s t h i s 
t h i c k s t r i n g t i g h t e n u p — t h e t i g h t e r * 
t h e s t r i n g , t h e s t r o n g e r t h e c o n s t r a i n ­
i n g f o r c e b e t w e e n t h e q u a r k / p a r t o n s . 
M o r e o v e r , as t h i s s t r i n g t i g h t e n s , i t 
' v i b r a t e s ' a n d r a d i a t e s m e s o n s . 

W h e t h e r t h e s t r i n g is s t r o n g e n o u g h 
t o w i t h s t a n d e v e n h i g h e r t e n s i o n s a n d 
s t o p f r e e q u a r k / p a r t o n s f r o m e v e r a p ­
p e a r i n g , o n l y t i m e a n d h i g h e r e n e r g y 
e x p e r i m e n t s w i l l t e l l . 

Around the Laboratories 

BROOKHAVEN 
ISABELLE 
gets 'go ahead' 

In h i s b u d g e t m e s s a g e o n 2 3 J a n u a r y 
P r e s i d e n t C a r t e r a n n o u n c e d t h a t a s u m 
o f $ 2 7 5 m i l l i o n w i l l b e a s s i g n e d t o t h e 
c o n s t r u c t i o n o f 4 0 0 G e V p r o t o n -
p r o t o n s t o r a g e r i n g s a t t h e B r o o k h a v e n 
N a t i o n a l L a b o r a t o r y . T h i s p r o j e c t , 
k n o w n as I S A B E L L E , h a s b e e n u n d e r 
d i s c u s s i o n f o r m a n y y e a r s a n d w i l l a d d 
s i g n i f i c a n t l y t o t h e a r m o u r y o f h i g h 
e n e r g y p h y s i c s r e s e a r c h f a c i l i t i e s in t h e 
U S A . 

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

y e a r s b y t h e D e p a r t m e n t o f E n e r g y i n ­
v o l v i n g a c o s t i n c r e a s e f r o m t h e $ 2 3 8 
m i l l i o n r e q u e s t e d b y B r o o k h a v e n . T h e 
f i r s t i n s t a l m e n t o f $ 2 3 m i l l i o n is e x ­
p e c t e d f o r F isca l Y e a r 1 9 7 9 w h i c h 
b e g i n s o n 1 O c t o b e r 1 9 7 8 . A l l t h e s e 
m o n i e s h a v e , o f c o u r s e , s t i l l t o p a s s 
t h r o u g h C o n g r e s s b u t n o p r o b l e m s a r e 
a n t i c i p a t e d . 

T h e r e h a s b e e n s o m e i n t e r n a l 
r e o r g a n i s a t i o n w i t h i n t h e L a b o r a t o r y 
t o c o n f r o n t t h e c o n s t r u c t i o n o f 
I S A B E L L E . J i m S a n f o r d w i l l b e 
C h a i r m a n o f t h e A c c e l e r a t o r D e p a r t ­
m e n t , w i t h L y l e S m i t h as D e p u t y , a n d 
w i l l a l s o h e a d t h e I S A B E L L E p r o j e c t a s ­
s i s t e d b y H a r a l d H a h n a n d J u l i e S p i r o . 

M a r k B a r t o n , f o r m e r C h a i r m a n o f 
t h e D e p a r t m e n t , h a d a s k e d t o b e 

r e l i e v e d o f s o m e o f h i s a d m i n i s t r a t i v e 
d u t i e s a n d w i l l l e a d o n e o f f i v e D i v i ­
s i o n s s e t u p f o r t h e I S A B E L L E p r o j e c t 
— t h e A c c e l e r a t o r D i v i s i o n w h i c h w i l l 
b e r e s p o n s i b l e f o r t h e d e s i g n a n d c o n ­
s t r u c t i o n o f t h e s t o r a g e r i n g c o m p o ­
n e n t s . A n E x p e r i m e n t a l A r e a s D i v i s i o n 
w i l l b e h e a d e d b y H y w e l W h i t e ( o n 
l e a v e o f a b s e n c e f r o m C o r n e l l ) , a 
D e t e c t o r s D i v i s i o n w i l l be h e a d e d b y 
Bi l l W i l l i s , a n A d m i n i s t r a t i o n D i v i s i o n 
w i l l b e h e a d e d b y H a r v e y M c C h e s n e y 
a n d t h e h e a d o f a C o n s t r u c t i o n D i v i s i o n 
r e m a i n s t o b e a p p o i n t e d . 

T h e ' g o a h e a d ' f o r I S A B E L L E is g o o d 
n e w s f o r t h e h i g h e n e r g y p h y s i c s 
w o r l d . W e w i s h J i m S a n f o r d a n d h i s 
c o l l e a g u e s e v e r y s u c c e s s in t h e i r c h a l ­
l e n g i n g p r o j e c t . 
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AGS experimental 
programme 
T h e N e w Y e a r s e e m s a g o o d t i m e f o r a 
b r i e f s u m m a r y o f t h e r e s e a r c h 
p r o g r a m m e a t t h e B r o o k h a v e n 3 3 G e V 
A l t e r n a t i n g G r a d i e n t S y n c h r o t r o n . T h e 
c u r r e n t e x p e r i m e n t s a re d i r e c t e d 
t o w a r d s u b j e c t s w h i c h r a n g e f r o m t h e 
m o s t c u r r e n t t o p i c s in p a r t i c l e p h y s i c s 
( c h a r m , n e u t r i n o o s c i l l a t i o n s , a x i o n s , 
b a r y o n i u m . . . ) t o p r e c i s i o n m e a s u r e ­
m e n t s o f p a r a m e t e r s i m p o r t a n t f o r u n ­
d e r s t a n d i n g p r e - c h a r m p h y s i c s . 

In t h e y e a r w h i c h b e g a n O c t o b e r 
1 9 7 7 , t h e A G S is t o r u n t e n w e e k s f o r 
t h e n e u t r i n o e x p e r i m e n t s , w h i c h u s e 
t h e f a s t e x t r a c t e d b e a m , a n d t w e n t y 
w e e k s f o r e x p e r i m e n t s w h i c h u s e t h e 
s l o w e x t r a c t e d b e a m (SEB) . T h e s e 
p r o g r a m m e s a re r u n s e p a r a t e l y 
b e c a u s e e a c h n e e d s t h e 1 0 1 3 p r o t o n s 
a c c e l e r a t e d b y t h e A G S . T h i s a r r a n g e ­
m e n t a l s o l o w e r s p o w e r c o n s u m p t i o n 
a n d a l l o w s t h e n e u t r i n o a rea t o r u n 
w i t h a 1.5 s p u l s e r a t e . 

T h e n e u t r i n o a r e a h a s s t a r t e d i t s t e n 
w e e k r u n w i t h t h e 7 f o o t b u b b l e 
c h a m b e r f i l l e d w i t h a 7 0 % n e o n , 3 0 % 
h y d r o g e n m i x t u r e f o r a C o l u m b i a / 
R u t g e r s / S t e v e n s c o l l a b o r a t i o n w h i c h 
h o p e s t o o b t a i n 7 0 0 t h o u s a n d p i c t u r e s 
w i t h n e u t r i n o n a r r o w - b a n d a n d 
n e u t r i n o a n d a n t i n e u t r i n o w i d e - b a n d 
b e a m s . S o f a r 1 5 7 t h o u s a n d p i c t u r e s 
h a v e b e e n t a k e n . In 1 9 7 7 , t h e 
c h a m b e r t o o k a t o t a l o f 9 1 0 t h o u s a n d 
p i c t u r e s . 

T w o c o u n t e r s p a r k c h a m b e r e x p e r i ­
m e n t s a re s e t u p b e h i n d t h e b u b b l e 
c h a m b e r . A C o l u m b i a / I l l i no i s / B r o o k ­
h a v e n c o l l a b o r a t i o n is s t u d y i n g n e u t r a l 
c u r r e n t n e u t r i n o - p r o t o n e l a s t i c s c a t ­
t e r i n g a n d s i n g l e p i o n p r o d u c t i o n . T h e 
a p p a r a t u s u s e s a l u m i n i u m p l a t e o p ­
t i c a l s p a r k c h a m b e r s , s c i n t i l l a t o r s a n d 
b o t h a i r g a p a n d i r o n t o r o i d a n a l y z i n g 
m a g n e t s . T h e f i r s t d a t a w e r e t a k e n l as t 
A p r i l . T h e s e c o n d e x p e r i m e n t h a s l i ­
q u i d s c i n t i l l a t o r - d r i f t c h a m b e r a p ­
p a r a t u s f o r a H a r v a r d / P e n n s y l v a n i a / 

W i s c o n s i n / B r o o k h a v e n c o l l a b o r a t i o n 
t a k i n g d a t a o n n e u t r i n o - p r o t o n a n d 
a n t i n e u t r i n o - p r o t o n e l a s t i c s c a t t e r i n g . 
L a s t f a l l , t h e s a m e g r o u p c o m p l e t e d a 
t e n d a y s e a r c h f o r n e u t r i n o o s c i l l a ­
t i o n s , w i t h t h e A G S a c c e l e r a t i n g 
p r o t o n s t o 1.5 G e V / c (see D e c e m b e r 
i s s u e , p a g e 4 1 7 ) . A l l t h r e e e x p e r i m e n t s 
a re n o w c h e c k i n g t h e f e a s i b i l i t y o f r u n ­
n i n g a b e a m d u m p e x p e r i m e n t t o 
s e a r c h f o r a x i o n s a n d o t h e r n e w p a r t i ­
c l e s . 

The hypernuclear spectrometer in a low energy 
separated beam at the Brookhaven AGS. The 
spectrometer uses the missing mass technique 
to detect hypernuclei when a negative kaon 
interacts to give a nucleus containing a lambda 
and emits a negative pion. The resolution is 
about 200 keV. 

(Photo BNL) 

E l e v e n e x p e r i m e n t s a re l i ke l y t o b e 
in a c t i o n d u r i n g t h e S E B w h i c h is 
s c h e d u l e d f o r M a r c h t h r o u g h J u n e . 
T h e M u l t i p a r t i c l e S p e c t r o m e t e r F a c i l ­
i t y ( M P S ) w i l l u s e t h e H i g h E n e r g y U n -
s e p a r a t e d B e a m (HEUB) . P r e s e n t l y , t h e 
M P S is s e t u p w i t h a n e l e c t r o n t r i g g e r 
w h i c h u s e s l i t h i u m - f o i l t r a n s i t i o n 
r a d i a t i o n d e t e c t o r s a n d a l e a d -
s c i n t i l l a t o r s h o w e r h o d o s c o p e . A 
B r o o k h a v e n / S t o n y B r o o k / B r a n d e i s / 
S y r a c u s e / P e n n c o l l a b o r a t i o n is 



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

A B r o o k h a v e n / B r a n d e i s / C C N Y / U. 
M a s s . g r o u p w i l l p e r f o r m t h e n e x t e x ­
p e r i m e n t in t h e M P S . A r a n d o m a c c e s s 
m e m o r y ( R A M ) w i t h a b o u t 6 x 1 0 6 b i t s 
w i l l b e u s e d t o t r i g g e r o n o n e o r t w o 
f a s t f o r w a r d p r o t o n s o r a p o s i t i v e k a o n 
a n d a s l o w r e c o i l p r o t o n t o s e a r c h f o r 
c h a r m e d p a r t i c l e s a n d b a r y o n i u m . A 
t h i r d e x p e r i m e n t w i l l b e s e t u p in t h e 
M P S a t t h e e n d o f t h e S E B p e r i o d . T h e 
M P S c h a n g e - o v e r f o r t h e s e e x p e r i ­
m e n t s t a k e s o n e t o t w o w e e k s a n d 
d u r i n g t h e t w o c h a n g e - o v e r p e r i o d s a 
Y a l e / B r o o k h a v e n g r o u p w i l l t a k e 
p r e l i m i n a r y d a t a in t h e o t h e r b r a n c h o f 
t h e H E U B s e a r c h i n g f o r C P v i o l a t i o n b y 
m e a s u r i n g t r a n s v e r s e m u o n p o l a r i z a ­
t i o n in t h e d e c a y o f t h e l o n g - l i v e d k a o n 
i n t o a m u o n , p i o n a n d n e u t r i n o . 

A t t h e B t a r g e t s t a t i o n , a P r i n c e t o n / 
B r o o k h a v e n g r o u p , w h i c h is s e a r c h i n g 
f o r D m e s o n p r o d u c t i o n in n e g a t i v e 
p i o n - n u c l e o n i n t e r a c t i o n s , w i l l r e s u m e 
d a t a t a k i n g w i t h t h e i r t w o a r m 
s p e c t r o m e t e r . M o s t r e c e n t l y t h i s e x ­
t r e m e l y v e r s a t i l e s p e c t r o m e t e r h a s 
b e e n u s e d t o s e a r c h f o r H p r o d u c t i o n 
a n d in a f e a s i b i l i t y t e s t f o r a b a r y o n i u m 
s e a r c h . T h e s p e c t r o m e t e r u s e d b y a 
U n i v e r s i t y o f M a s s a c h u s e t t s g r o u p t o 
s t u d y t h e b e t a d e c a y o f t h e l a m b d a in 
t h e n e u t r a l b e a m d e r i v e d f r o m t h e B 
t a r g e t s t a t i o n is s t i l l s e t u p a n d a U. 
M a s s . / B r o o k h a v e n c o l l a b o r a t i o n h a s 
p r o p o s e d t o use i t t o m e a s u r e t h e 
p o l a r i z a t i o n o f l a m b d a s p r o d u c e d in 
h y d r o g e n a n d d e u t e r i u m t a r g e t s . A l s o , 
t h e R u t g e r s / B r o o k h a v e n c y l i n d r i c a l 
s p a r k c h a m b e r s p e c t r o m e t e r , w h i c h is 
s e t u p in t h e m e d i u m e n e r g y s e p a r a t e d 
b e a m m a y t a k e a d d i t i o n a l p p — • V ^ V 0 

d a t a . 

T h e C t a r g e t s t a t i o n w i l l p r o d u c e 
t w o l o w e n e r g y s e p a r a t e d b e a m s . T w o 
e x p e r i m e n t s w i l l b e s e t u p in t h e e x i s t ­
i n g b e a m , L E S B I. A h y p e r n u c l e a r 
s p e c t r o m e t e r o f a B r o o k h a v e n / 

P r i n c e t o n / M I T / H o u s t o n / V a s s a r c o l ­
l a b o r a t i o n , t o o k t e s t d a t a l as t f a l l a n d 
p l a n s a s u b s t a n t i a l r u n in s p r i n g . A 
B e r k e l e y / M t . H o l y l a k e / B r o o k h a v e n 
g r o u p is s e t t i n g u p a h i g h s t a t i s t i c s 
m e a s u r e m e n t o f b a c k w a r d k a o n -
p r o t o n e l a s t i c s c a t t e r i n g a n d n e g a t i v e 
k a o n - p r o t o n p r o d u c i n g a s i g m a a n d a 
p i o n a t z e r o d e g r e e s , w i t h i n c i d e n t 
m o m e n t a 5 0 0 t o 1 0 7 0 M e V / c . 

A n e w , m o r e i n t e n s e b e a m , L E S B I I , 
w i l l b e c o m m i s s i o n e d in s p r i n g . O n e 
b r a n c h w i l l b e u s e d b y a U n i v e r s i t y o f 
C a l i f o r n i a , I r v i n e / N e w M e x i c o / L o s A l a -
m o s A T e m p l e c o l l a b o r a t i o n t o s e a r c h 
f o r b a r y o n i u m s t a t e s . T h e a p p a r a t u s 
w i l l b e e q u i p p e d t o i d e n t i f y n u c l e o n s , 
p i o n s a n d p h o t o n s . T h e o t h e r b r a n c h 
w i l l b e u s e d f o r a n o t h e r b a r y o n i u m 
s e a r c h b y a S y r a c u s e / M i c h i g a n S t a t e 
/ B r o o k h a v e n / B r o w n c o l l a b o r a t i o n 
a n d w i l l h a v e a p a i r s p e c t r o m e t e r t o 
m e a s u r e t h e p h o t o n s p e c t r u m . 

CERN 
Entering the ICE age 
O n e o f t h e m o s t e x c i t i n g a d v a n c e s in 
t h e e x p e r i m e n t a l f a c i l i t i e s e n v i s a g e d 
o n t h e e x i s t i n g C E R N a c c e l e r a t o r s f o r 
t h e c o m i n g y e a r s is t h e p o s s i b i l i t y o f 
c o l l i d i n g p r o t o n s a n d a n t i p r o t o n s in 
t h e 4 0 0 G e V s y n c h r o t r o n , t h e S P S . T o 
a c h i e v e s u c h c o l l i s i o n s a t a r a t e w h i c h 
w i l l m a k e e x p e r i m e n t s f e a s i b l e r e ­
q u i r e s m u c h h i g h e r i n t e n s i t y a n -
t i p r o t o n b e a m s t h a n h a v e b e e n 
a v a i l a b l e u p t o n o w . It is t h e t e c h n i q u e 
o f ' b e a m c o o l i n g ' w h i c h h a s o p e n e d 
t h e w a y t o s u c h h i g h e r i n t e n s i t i e s . 

T h e e s s e n t i a l f e a t u r e is t h a t , if i t is 
p o s s i b l e t o a c c e p t a n t i p r o t o n s o f a 
w i d e m o m e n t u m a n d a n g u l a r s p r e a d 
( i n c r e a s i n g t h e n u m b e r d r a w n f r o m a 
t a r g e t ) a n d t o ' c o o l ' t h e m q u i c k l y t o 
r e d u c e t h i s s p r e a d , i n t e n s e a n t i p r o t o n 
b e a m s c a n b e b u i l t u p in an a c c e p t a b l e 
t i m e . T w o t e c h n i q u e s h a v e e m e r g e d in 
r e c e n t y e a r s — e l e c t r o n c o o l i n g ( f o l ­

l o w i n g w o r k a t N o v o s i b i r s k ) a n d 
s t o c h a s t i c c o o l i n g ( f o l l o w i n g w o r k o n 
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 t 
C E R N ) . A s a p r e l i m i n a r y t o t h e p r o t o n -
a n t i p r o t o n p r o j e c t a t C E R N t h e s e 
t e c h n i q u e s a re t o b e t e s t e d in a n In i t i a l 
C o o l i n g E x p e r i m e n t , ICE. 

ICE h a s a m a g n e t r i n g ( r e b u i l t f r o m 
t h e m u o n s t o r a g e r i n g o f t h e f a m o u s 
g - 2 e x p e r i m e n t ) w i t h m a g n e t a r c s 7 m 
r a d i u s a n d f o u r l o n g s t r a i g h t s e c t i o n s . 
F i e l ds o f u p t o 1 T in t h e m a g n e t s h o l d 
p r o t o n s o f m o m e n t u m u p t o 2 . 1 
G e V / c . T h e r i n g is l o c a t e d in t h e ha l l 
w h i c h h o u s e d G a r g a m e l l e s h i e l d i n g 
a n d b e a m s p r i o r t o i t s m o v e t o t h e 
S P S . It is f e d w i t h p r o t o n s f r o m t h e P S . 
T h e r e a re s t o c h a s t i c c o o l i n g s y s t e m s 
a n d a p a n o p l y o f b e a m c o n t r o l a n d 
b e a m m o n i t o r i n g d e v i c e s . O n e o f t h e 
s t r a i g h t s e c t i o n s w i l l be f i t t e d w i t h a n 
e l e c t r o n c o o l i n g s y s t e m ( p r o v i d i n g 6 0 
k e V e l e c t r o n s t o c o o l 1 1 0 M e V 
p r o t o n s ) . 

D u r i n g t h e w e e k b e f o r e t h e s h u t ­
d o w n o f t h e C E R N a c c e l e r a t o r s b e f o r e 
C h r i s t m a s , i n j e c t i o n a n d c o o l i n g t e s t s 
w e r e c a r r i e d o u t . T h e p r o t o n s w e r e f e d 
in a t 1 . 7 3 G e V / c a n d i t w a s qu i ck l y 
s h o w n t h a t t h e b e a m c o n t r o l s y s t e m s 
u s i n g p o l e - f a c e w i n d i n g s a n d b a c k - l e g 
w i n d i n g s , a re a d e q u a t e t o s t o r e t h e 
b e a m in s t a b l e c o n d i t i o n s (ha l f l i fe u p 
t o 3 0 0 s) . A m o m e n t u m s p r e a d o f o v e r 
0 . 2 % c o u l d b e a c c e p t e d . 

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

W h e n t h e P S c o m e s b a c k i n t o a c ­
t i o n in F e b r u a r y s t o c h a s t i c c o o l i n g w i l l 
b e p u r s u e d a g a i n w i t h t h e a i m o f 
d e m o n s t r a t i n g c o o l i n g t i m e s o f a f e w 
s e c o n d s . A f e w m o n t h s l a t e r e l e c t r o n 
c o o l i n g w i l l a l s o b e t r i e d b u t w i t h less 
u r g e n c y s i n c e i t is p r o b a b l e t h a t o n l y 
s t o c h a s t i c c o o l i n g w i l l b e u s e d in t h e 
a n t i p r o t o n s y s t e m f o r t h e S P S . 
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The rebuilding of the muon storage ring of the 
famous g-2 experiment for ICE — Initial 
Cooling Experiment. It is here that beam cooling 
techniques are to be checked en route to high 
intensity antiproton beams. Successful 
stochastic cooling tests took place in 
December. 

(Photo CERN 282.11.77) 

A t t h e S P S i t se l f t h e r e h a v e b e e n 
f u r t h e r t e s t s t o m a k e r e a d y f o r p r o t o n -
a n t i p r o t o n c o l l i d i n g b e a m s . T h e m a i n 
a c h i e v e m e n t s h a v e b e e n t h e s t o r a g e 
o f 2 0 0 G e V p r o t o n b e a m s f o r t i m e s in 
excess o f 1 5 h o u r s , t h e a c c e l e r a t i o n o f 
s i n g l e b u n c h e s (5 ns l o n g a n d 1 0 1 1 

p r o t o n s per b u n c h ) t o 2 0 0 G e V w i t h 
a b o u t 3 0 % e f f i c i e n c y so fa r , a n d i n j e c ­
t i o n o f p r o t o n s a t 3 . 5 G e V w h i c h is t h e 
i n t e n d e d e n e r g y f o r a n t i p r o t o n i n j e c ­
t i o n . Even a t t h e s e l o w leve l s t h e 
m a g n e t f i e l d s l o o k g o o d e n o u g h t o 
h o l d t h e b e a m s . A l s o , a d e s i g n f o r a 
l o w b e t a i n s e r t i o n in l o n g s t r a i g h t sec ­
t i o n L S S 5, has b e e n d e v e l o p e d a n d is 
s u c h t h a t i t c o u l d be s w i t c h e d o n a t t h e 
d e s i r e d c o l l i s i o n e n e r g y . 

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

Superconducting 
separator 
in action 
A s u p e r c o n d u c t i n g r a d i o - f r e q u e n c y 
p a r t i c l e s e p a r a t o r , d e v e l o p e d in c o l ­
l a b o r a t i o n w i t h K fK K a r l s r u h e , w a s 
o p e r a t e d in D e c e m b e r f o r t h e f i r s t t i m e 
in t h e S P S b e a m f e e d i n g t h e O m e g a 
s p e c t r o m e t e r in t h e W e s t Ha l l . T h e 
p r o j e c t s t a r t e d in t h e I n s t i t u t f u r 
K e r n p h y s i k u n d e r A . C i t r o n in 1 9 7 1 
a n d H. L e n g e l e r m o v e d f r o m CERN t o 
K a r l s r u h e f o r t h e c o n s t r u c t i o n p e r i o d 
as p r o j e c t leader . 

S e p a r a t o r s are u s e d t o he lp s e l e c t a 
p a r t i c u l a r t y p e o f p a r t i c l e f r o m a m o n g 
t h e m a n y w h i c h p o u r o u t o f a t a r g e t 
s t r u c k by t h e h i g h e n e r g y b e a m f r o m 
t h e a c c e l e r a t o r . M a g n e t i c f i e l d s w i l l 
b e n d p a r t i c l e s o f a f i x e d m o m e n t u m 
( m a s s x v e l o c i t y ) i n t o a b e a m - l i n e . 
S e p a r a t o r s t h e n s i f t o u t p a r t i c l e s o f a 
p a r t i c u l a r m a s s by o n l y a l l o w i n g 

t h r o u g h t h o s e o f a p a r t i c u l a r v e l o c i t y . 
T h i s is d o n e o n a ' t r a f f i c l i g h t ' p r i n c i p l e . 
A f i r s t u n i t g i v e s t h e g r e e n l i gh t t o t h e 
p a r t i c l e s a n d , f u r t h e r d o w n t h e b e a m -
l i ne , a s e c o n d u n i t g i v e s a n o t h e r g r e e n 
l i g h t o n l y t o t h o s e w h i c h h a v e t r a ­
v e r s e d t h e i n t e r v e n i n g d i s t a n c e a t a 
c e r t a i n v e l o c i t y . U n w a n t e d p a r t i c l e s 
a re p l o u g h e d i n t o a b e a m s t o p w h i l e 
w a n t e d p a r t i c l e s e x p e r i e n c e a 
d e f l e c t i n g f i e l d a t r i g h t a n g l e s t o t h e 
b e a m d i r e c t i o n w h i c h b e n d s t h e m 
a r o u n d t h e s t o p t o w a r d s t h e e x p e r i ­
m e n t . 

T h e d e f l e c t i n g f i e l d s c a n be p r o v i d e d 
in r a d i o - f r e q u e n c y c a v i t i e s b u t s u c h r.f. 
s y s t e m s h a v e , u p t o n o w , o n l y b e e n 
u s a b l e in b e a m s t o b u b b l e c h a m b e r s 
w h i c h a re h a p p y t o r e c e i v e v e r y s h o r t 
p u l s e s o f p a r t i c l e s . T h e c a v i t i e s h a v e 
b e e n b u i l t o f c o p p e r a n d o p e r a t e d a t 
r o o m t e m p e r a t u r e w i t h an r.f. f r e ­
q u e n c y o f 3 - 6 GHz. T h e y r e q u i r e d a 
l a rge a m o u n t o f p o w e r ( s o m e 1 0 - 2 0 
M W ) ha l f o f w h i c h w a s a b s o r b e d in t h e 
c o p p e r w a l l s . T h i s l i m i t e d t h e i r o p e r a ­
t i o n t o p u l s e s o f less t h a n 1 0 us w h i c h 
is f a r t o o s h o r t f o r c o u n t e r d e t e c t i o n 
s y s t e m s , s u c h as t h e O m e g a 
s p e c t r o m e t e r , w h i c h l i ke p u l s e s o f 1 0 0 
m s or l o n g e r . O n l y by g o i n g t o s u p e r ­
c o n d u c t i n g r.f. c a v i t i e s c o u l d t h e 
p o w e r r e q u i r e m e n t s be b r o u g h t d o w n 
t o a c c e p t a b l e leve ls f o r a b e a m t o 
c o u n t e r d e t e c t o r s . 

T h e s u p e r c o n d u c t i n g s e p a r a t o r b u i l t 
a t K a r l s r u h e uses d i s k - l o a d e d 
c y l i n d r i c a l w a v e - g u i d e s , f a m i l i a r f r o m 
l i nea r a c c e l e r a t o r s , p r o v i d i n g d e ­
f l e c t i n g f i e l d s p e r p e n d i c u l a r t o t h e i r 
ax is . T h e t w o d e f l e c t o r s are m a d e o f 
h i g h p u r i t y n i o b i u m w h i c h b e c o m e s 
s u p e r c o n d u c t i n g at t e m p e r a t u r e s 
b e l o w 9 . 2 K. Each d e f l e c t o r is 3 m l o n g 
a n d is b u i l t o f f i ve s e c t i o n s w i t h 1 0 4 
' ce l l s ' in t o t a l . Each ce l l w a s t u r n e d 
f r o m so l i d n i o b i u m a t S i e m e n s a n d 
t h e y w e r e a s s e m b l e d by e l e c t r o n b e a m 
w e l d i n g a r o u n d t h e i r c i r c u m f e r e n c e . 

S e v e r a l t e c h n o l o g i c a l p r o b l e m s h a d 
t o be o v e r c o m e . T h e m o s t d i f f i c u l t w a s 
t o a c h i e v e s u r f a c e s o f a d e q u a t e q u a l i t y 
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One of the superconducting deflectors built at 
Karlsruhe during assembly in its cryostat in the 
beam-line to the Omega spectrometer at CERN. 
The r.f. superconducting separator operated 
successfully in December. 

(Photo CERN 94.11.77) 

s i n c e r.f. s u p e r c o n d u c t i v i t y is a s u r f a c e 
p h e n o m e n o n ( t he f i e l d s p e n e t r a t e o n l y 
a b o u t 5 0 n m i n t o t h e n i o b i u m ) . T h e 
p e r f o r m a n c e o f t h e c a v i t i e s is l i m i t e d 
b y t h e m a g n e t i c f i e l d l e v e l s w h i c h c a n 
b e s u p p o r t e d a t t h e s u r f a c e s w i t h o u t 
c a u s i n g t h e s u p e r c o n d u c t o r t o g o ' n o r ­
m a l ' . T h e m e c h a n i s m s b e h i n d t h i s a re 
n o t f u l l y u n d e r s t o o d b u t i t h a s b e c o m e 
o b v i o u s t h a t e x t r e m e l y c l e a n , s m o o t h 
a n d h o m o g e n e o u s s u r f a c e s a re e s s e n ­
t i a l f o r g o o d p e r f o r m a n c e . 

T h e d e f l e c t o r s h a v e m a n y s q u a r e 
m e t r e s o f s u p e r c o n d u c t o r s u r f a c e o f 
c o m p l i c a t e d g e o m e t r y . S u r f a c e t r e a t ­
m e n t t e c h n i q u e s w e r e d e v e l o p e d a t 
K a r l s r u h e i n c l u d i n g a l a r g e u l t r a h i g h 
v a c u u m f u r n a c e o p e r a t i n g a t 1 8 5 0 ° C . 
A l l t h e s e t r e a t m e n t s a re d o n e u n d e r 
d u s t f r e e c o n d i t i o n s s u c h as t h o s e 
u s e d in m i c r o e l e c t r o n i c s o r p h a r ­
m a c o l o g i c a l p r o d u c t i o n l i nes . 

S u p e r c o n d u c t i n g d e f l e c t o r s h a v e Q 
v a l u e s o f 1 0 9 o r a b o v e , w h i c h c o r r e ­
s p o n d s t o a b a n d w i d t h o f a f e w Hz a t 
3 G H z . T h i s r e q u i r e d s p e c i a l m e a s u r e ­
m e n t m e t h o d s . E a c h c o n n e c t i o n t o t h e 
c a v i t y f r o m t h e ' o u t s i d e w o r l d (r.f. 
c o u p l i n g , p r o b e s , f r e q u e n c y t u n e r s ) 
n e e d e d n e w t e c h n i c a l s o l u t i o n s s o as 
n o t t o l i m i t f i e l d s o r Q v a l u e s . 

T o h a v e s u f f i c i e n t l y l o w r.f. l o s s e s , 
t h e n i o b i u m d e f l e c t o r s a re o p e r a t e d a t 
1.8 K w e l l b e l o w t h e i r 9 . 2 K t r a n s i t i o n 
t e m p e r a t u r e . T h e r e s i s t a n c e o f t h e 
w a l l s d e c r e a s e s w i t h t e m p e r a t u r e f o r 
r.f. f i e l d s ( u n l i k e f o r d .c . f i e l d s w h e r e 
t h e r e s i s t a n c e d r o p s v i r t u a l l y t o z e r o 
b e l o w t h e t r a n s i t i o n t e m p e r a t u r e ) . T o 
a c h i e v e 1.8 K i m p l i e s t h e u s e o f h e l i u m 
in i t s s u p e r f l u i d s t a t e w h i c h n e e d s 
m o r e s t r i n g e n t p r e c a u t i o n s a g a i n s t 
l e a k s . T h e d e f l e c t o r s s i t in a b a t h o f 
h e l i u m w i t h i n t h e i r c r y o s t a t a n d t h e r e 
a r e o v e r 5 0 c o n n e c t i o n s t o v a c u u m 
w h i c h h a v e t o be h e l i u m - t i g h t . 

T h e r e f r i g e r a t o r s u s e d a t K a r l s r u h e 
a n d C E R N t o s u p p l y t h e h e l i u m a re t h e 
f i r s t l a r g e - s c a l e i n s t a l l a t i o n s o f t h e i r 
t y p e . T h e y i n c l u d e a l a r g e p u m p i n g 
s y s t e m t o k e e p t h e h e l i u m b a t h a t a 
p r e s s u r e o f 1 6 m b a r c o r r e s p o n d i n g t o 

1.8 K. U n d e r c . w . o p e r a t i o n e a c h 
d e f l e c t o r a b s o r b s a b o u t 7 W o f r.f. 
p o w e r , a t m a x i m u m f i e l d l e v e l s , w h i c h 
h a s t o b e c o o l e d b y t h e 1.8 K s y s t e m . 
T h i s c a n o n l y b e a c h i e v e d w i t h a b o u t 
0 . 0 5 % e f f i c i e n c y — f o r e v e r y w a t t a b ­
s o r b e d a t 1.8 K, 2 k W a re p r o d u c e d a t 
r o o m t e m p e r a t u r e . N e v e r t h e l e s s t h i s is 
m u c h s m a l l e r t h a n t h e 1 0 - 2 0 M W o f 
r.f. p o w e r w h i c h w o u l d be n e e d e d f o r 
a n e q u i v a l e n t r o o m t e m p e r a t u r e 
s e p a r a t o r . 

T h e d e s i g n v a l u e s f o r e a c h d e f l e c t o r 
o f 1 0 4 c e l l s w e r e — Q v a l u e o f 0 . 5 x 
1 0 9 a n d d e f l e c t i n g f i e l d o f 2 M W / m . A 
t e s t s e c t i o n o f f o u r c e l l s g a v e a Q o f 2 . 5 
x 1 0 9 a n d f i e l d o f 5 . 5 M V / m . T h e t e n 
s e c t i o n s t e s t e d i n d i v i d u a l l y g a v e Q s 
f r o m 1.2 t o 3 . 6 x 1 0 9 a n d f i e l d s o f 1.6 
t o 2 . 6 M V / m . T h e t w o a s s e m b l e d 
d e f l e c t o r s g a v e Q s o f 1.8 a n d 2 . 2 x 
T O 9 a n d f i e l d s o f 1.2 a n d 1.4 M V / m . A s 
t h e s u r f a c e t r e a t m e n t t e c h n i q u e s 
i m p r o v e d , t h e Q - v a l u e s w e r e p r o g r e s -
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At the top is a drawing of the geometry of the 
field lines in an r.f. cavity (on the left) with 
the cavity structure (on the right) showing how 
the superconducting niobium cells are joined. 
Below is the layout of a full deflector assembled 
from five sections, two of 19 cells and three 
of 22 cells. The positions marked A are r.f. 
joints, B is the r.f. input, C the r.f. probes, D andE 
the frequency tuners and F the beam tube. 

Nb-joint 

19 ce l l s 

s ive ly ra ised w e l l a b o v e d e s i g n v a l u e s . 
H o w e v e r , t h e f i e l d s in t h e c o m p l e t e d 
d e f l e c t o r s w e r e b e l o w d e s i g n v a l u e s 
fo r r e a s o n s t h a t are n o t c o m p l e t e l y 
c lear . 

In A u g u s t 1 9 7 7 t h e c o m p l e t e d 
s e p a r a t o r o p e r a t e d f o r 3 0 0 h o u r s at 
K a r l s r u h e a n d w a s p a r c e l l e d u p f o r 
t r a n s p o r t t o C E R N . T h e b e a m - l i n e t o 
O m e g a w a s m o d i f i e d u n d e r t h e s u p e r ­
v i s i o n o f D. P lane t o i ts s e p a r a t e d ve r ­
s i o n a t 1 6 G e V / c a n d t h e r e f r i g e r a t o r 
w a s b r o u g h t i n t o a c t i o n by G. W i n k l e r . 
O n 1 3 D e c e m b e r , t h e s e p a r a t o r w a s 
c o o l e d t o 1.8 K a n d r e a c h e d i ts K a r l s ­
ruhe o p e r a t i n g f i g u r e s . D u r i n g t h e t e s t s 
o f t h e nex t t w o d a y s , p e r f o r m a n c e w a s 
r e m a r k a b l y s u c c e s s f u l . 

T h r e e h o u r s a f t e r t h e b e a m w a s 
s w i t c h e d o n , d e f l e c t i o n o f p a r t i c l e s by 
t h e s e p a r a t o r s w a s d e t e c t e d s h o w i n g 
t h a t , h a p p i l y , M a x w e l l ' s e q u a t i o n s re ­
m a i n v a l i d a t 1.8 K. A f e w h o u r s la te r 
t h e r.f. c o n t r o l s y s t e m s w e r e p r o p e r l y 
s y n c h r o n i z e d a n d s e p a r a t e d p a r t i c l e s 

r e a c h e d exp t . W A 3 3 . O p t i m i z a t i o n a t 
1 6 G e V / c g a v e e n r i c h e d b e a m s o f a n t i ­
p r o t o n s o r n e g a t i v e k a o n s by a f a c t o r 
o f 2 5 , w e l l a b o v e t h e a n t i c i p a t e d v a l u e 
o f 1 0 . 

T h i n g s w e n t so w e l l t h a t t h e 
p h y s i c i s t s d e c i d e d t o t r y s e p a r a t o r p e r ­
f o r m a n c e a l so a t 2 6 G e V / c a n d t h e n 
3 7 G e V / c u s i n g t h e e x c e l l e n t c o m p u t e r 
c o n t r o l a n d b e a m d i a g n o s t i c s o f t h e 
b e a m - l i n e . A l l t h i s w a s a c c o m p l i s h e d 
in a f e w h o u r s w i t h g o o d resu l t s a n d 
t h e s t a r t o f p h y s i c s w i t h t h e s e p a r a t e d 
b e a m s c o u l d b e g i n at t h e e n d o f t h e 
p r e s e n t S P S s h u t d o w n . 

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

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

nex t g e n e r a t i o n o f e l e c t r o n - p o s i t r o n 

s t o r a g e r i ngs . 

UpsilonsatCERN 

J u s t in t i m e t o c a t c h t h e D e c e m b e r 
i ssue o f t h e COURIER as i t w e n t t o 
p ress , c a m e n e w s of t h e s i g h t i n g o f 
U p s i l o n p a r t i c l e s a t t h e CERN 
I n t e r s e c t i n g S t o r a g e R ings by an 
A t h e n s / B r o o k h a v e n / CERN / 
S y r a c u s e / Y a l e c o l l a b o r a t i o n . Fi rst 
r e p o r t e d f r o m F e r m i l a b ear l ie r las t y e a r 
(see J u l y / A u g u s t i ssue , p a g e 2 2 3 ) , 
U p s i l o n s s e e m t o be s i m i l a r t o J / ps i 
p a r t i c l e s b u t a b o u t t h r e e t i m e s heav ie r . 
J u s t as t h e J / ps i h e r a l d e d t h e d i s ­
c o v e r y o f c h a r m , so t h e U p s i l o n c o u l d 
m e a n t h a t t h e r e are m o r e q u a r k 
f l a v o u r s w a i t i n g t o be d i s c o v e r e d a n d 
e x p l a i n e d . 

T h e CERN g r o u p sees a re l a t i ve l y 
s t r o n g s i gna l in t h e s p e c t r u m o f 
e l e c t r o n - p o s i t r o n pa i r s p r o d u c e d in 
h i g h e n e r g y p r o t o n - p r o t o n c o l l i s i o n s a t 
t h e I n t e r s e c t i n g S t o r a g e R ings w i t h 
c e n t r e o f m a s s e n e r g i e s r a n g i n g u p t o 
6 2 GeV . A t t h e s e h i g h e n e r g i e s , t h e 
p r o d u c t i o n o f e l e c t r o n - p o s i t r o n pa i r s 
f a l l s o f f s h a r p l y a b o v e t h e J /ps i m a s s , 
so t h a t v e r y l i t t l e is seen in t h e 
e l e c t r o n - p o s i t r o n s p e c t r u m a b o v e 
a b o u t 7 .5 G e V / c 2 . H o w e v e r in t h e 
m a s s r a n g e 8 .7 - 1 0 . 3 G e V / c 2 , t h e 
CERN e x p e r i m e n t sees a h a n d f u l o f 
e v e n t s w h i c h s e e m t o s t a n d o n ze ro 
b a c k g r o u n d a n d t h e s e are a t t r i b u t e d t o 
t h e p r o d u c t i o n o f U p s i l o n - t y p e 
e n h a n c e m e n t s . 

Less t h a n a d o z e n s u c h h e a v y 
e l e c t r o n - p o s i t r o n pa i r s have b e e n s e e n 
b u t t h e v e r y l o w pa i r p r o d u c t i o n leve l 
f r o m o t h e r s o u r c e s m a k e s t h e e f f ec t 
s t a n d o u t v i v i d l y . In t h e F e r m i l a b 
e x p e r i m e n t l o o k i n g at m u o n pa i r s 
w h i c h f i r s t r e p o r t e d U p s i l o n s , t h e pa i r 
p r o d u c t i o n a t t r i b u t a b l e t o o t h e r 
s o u r c e s is s u b t r a c t e d t o revea l t h e t r u e 
n a t u r e o f t h e U p s i l o n s p e c t r u m . T h e 
t h o u s a n d s o f U p s i l o n e v e n t s c o l l e c t e d 
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The heavy Upsilon enhancements have been 
seen in electron pairs by a Brookhaven / CERN I 
Syracuse / Yale collaboration at the ISR using 
some new detection techniques. Radiating 
outwards from the cylindrical wire chambers 
surrounding the vacuum chamber can be seen 
successive layers of lithium foil transition 
radiation detectors and scintillation counters. 
Top and bottom are liquid argon-lead plate total 
absorption calorimeters. 

(Photo CERN 172.3.76) 

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

T h e ISR c o l l a b o r a t i o n h a d s e e n a 
f e w h e a v y e l e c t r o n - p o s i t r o n p a i r s 
s t i c k i n g o u t f r o m z e r o b a c k g r o u n d in a 
p r e l i m i n a r y r u n u s i n g a t e m p o r a r y e x ­
p e r i m e n t a l c o n f i g u r a t i o n in 1 9 7 6 . B u t 
g i v e n t h e p r e l i m i n a r y n a t u r e o f t h e 
s y s t e m a n d t h e t e n t a t i v e c o n f i d e n c e a t 
t h a t t i m e in n o v e l d e t e c t o r s , t h e e v e n t s 
w e r e n e v e r a n n o u n c e d . 

T h e ISR e x p e r i m e n t u s e s t w o n o v e l 
t y p e s o f d e t e c t o r — l i q u i d a r g o n 
c a l o r i m e t e r s a n d l i t h i u m f o i l t r a n s i t i o n 
r a d i a t i o n d e t e c t o r s t o m e a s u r e a n d 
i d e n t i f y t h e p r o d u c e d e l e c t r o n s . T h e 
c o l l a b o r a t i o n w a s t h e f i r s t t o b u i l d a l i ­
q u i d a r g o n c a l o r i m e t e r a n d u s e i t in a n 
e x p e r i m e n t a n d p r o v i d e d a v a l u a b l e 
d e m o n s t r a t i o n o f t h e a b i l i t i e s o f t r a n s i ­
t i o n r a d i a t i o n d e t e c t o r s . S o n o v e l a r e 
t h e s e d e t e c t i o n t e c h n i q u e s t h a t t h e 
c h a n c e s o f t h e m b o t h p e r f o r m i n g w e l l 
w a s n o t , i n i t i a l l y , r a t e d h i g h . Fo r a l o n g 
t i m e t h e s y s t e m c a r r i e d t h e t i t l e T e s t ' 

r a t h e r t h a n t h e f u l l y a u t h o r i z e d ' E x p e r i ­
m e n t ' . 

L i q u i d a r g o n c a l o r i m e t e r s a re n o w 
l i n e d u p f o r s e v e r a l P E T R A e x p e r i ­
m e n t s a n d f o r t h e M a r k II d e t e c t o r t o 
be u s e d a t PEP a f t e r p r e l i m i n a r y w o r k 
a t S P E A R , w h i l e t r a n s i t i o n r a d i a t i o n 
d e t e c t o r s a re c o m i n g i n t o use a t C E R N 
a n d B r o o k h a v e n a f t e r m a n y y e a r s o f 
l i m i t e d s u c c e s s . 

H a v i n g b l a z e d a t r a i l f o r t h e u s e o f l i ­
q u i d a r g o n c a l o r i m e t e r s a n d t r a n s i t i o n 
r a d i a t i o n t e c h n i q u e s a n d p r o v i d i n g a 
u s e f u l i n d e p e n d e n t c o n f i r m a t i o n o f t h e 
U p s i l o n , t h e A t h e n s / B r o o k h a v e n / 
C E R N / S y r a c u s e / Y a l e c o l l a b o r a t i o n 
w i l l h a v e i t s r u n e x t e n d e d w i t h an a l t e r ­
e d c o n f i g u r a t i o n o f t h e e x p e r i m e n t a l 
e q u i p m e n t . It w i l l t h e n g i v e w a y t o i n ­
v e s t i g a t i o n o f h i g h t r a n s v e r s e m o m e n ­
t u m p h e n o m e n a . 

M e a n w h i l e , f i r s t i n d i c a t i o n s o f 
e n h a n c e m e n t s in t h e U p s i l o n r e g i o n 
h a v e b e e n h e a r d f r o m t w o o t h e r e x ­
p e r i m e n t s a t t h e ISR — o n e a C E R N / 
C o l u m b i a / O x f o r d / R o c k e f e l l e r c o l l a b o ­
r a t i o n l o o k i n g a t t h e p r o d u c t i o n o f 
e l e c t r o n p a i r s , a n d t h e o t h e r a F r a s c a t i / 
G e n o a / H a r v a r d / M I T / N a p l e s / P isa 
c o l l a b o r a t i o n s t u d y i n g m u o n p a i r s . 

Crash programme 
T h e l as t S P S r u n in 1 9 7 7 s a w i n t e n s e 
a c t i v i t y in n e u t r i n o ' b e a m d u m p ' e x p e r ­
i m e n t s , w i t h s o m e h a d r o n i c w o r k 
b e i n g p u t a s i d e w h i l e t h e B E B C a n d 
G a r g a m e l l e b u b b l e c h a m b e r s a n d t h e 
C E R N / D o r t m u n d / H e i d e l b e r g / S a c l a y 
c o u n t e r s e t - u p al l s e a r c h e d f o r u n u s u a l 
n e u t r i n o h a p p e n i n g s . 

N e u t r i n o e x p e r i m e n t s a t F e r m i l a b 
a n d C E R N h a v e a m a s s e d r e l a t i v e l y 
l a r g e n u m b e r s o f e v e n t s w i t h t w o , 
t h r e e a n d e v e n m o r e m u o n s e m e r g i n g . 
(The H a r v a r d / W i s c o n s i n / P e n n ­
s y l v a n i a / F e r m i l a b / R u t g e r s e x p e r i ­
m e n t a t F e r m i l a b a l s o h a s e v i d e n c e f o r 
a f o u r m u o n e v e n t ; w e r e p o r t e d a f o u r 
m u o n e v e n t f r o m C E R N in D e c e m b e r . ) 
T h e o r i g i n o f a l l t h e s e e v e n t s is n o t 
c l e a r a n d t h e m a j o r a i m o f t h e c r a s h 

p r o g r a m m e o f b e a m d u m p e x p e r i ­
m e n t s a t C E R N w a s t o s e e if m u l t i -
m u o n e v e n t s c o u l d b e a t t r i b u t e d t o 
s o m e p r e v i o u s l y u n k n o w n c o m p o n e n t 
in c o n v e n t i o n a l n e u t r i n o b e a m s . 

T h e u s u a l p r i m a r y t a r g e t w a s t a k e n 
a w a y a n d t h e S P S b e a m w a s d e p o s i t ­
e d i n t o a 2 m l o n g c o p p e r b l o c k — 
h e n c e t h e ' b e a r r i d u m p ' t i t l e . In s u c h a 
m a s s o f m e t a l , s e c o n d a r y p i o n s a n d 
k a o n s a re q u i c k l y a b s o r b e d c l o s e t o 
t h e i r f o r m a t i o n v e r t i c e s a n d h a v e l i t t l e 
c h a n c e o f d e c a y i n g w e a k l y t o p r o d u c e 
n e u t r i n o s . In t h i s w a y , t h e f l u x o f c o n ­
v e n t i o n a l n e u t r i n o s w a s r e d u c e d b y a 
f a c t o r o f a b o u t a t h o u s a n d . H o w ­
e v e r , t h e y i e l d o f s o m e d i r e c t l y 
p r o d u c e d n e w t y p e o f p e n e t r a t i n g p a r ­
t i c l e o r o f n e u t r i n o s f r o m t h e d e c a y o f 
v e r y s h o r t - l i v e d h a d r o n p a r e n t s w o u l d 
n o t b e a f f e c t e d . 

T o m a x i m i s e i t s c h a n c e s o f s p o t t i n g 
n e u t r i n o s , B E B C w a s f i l l e d w i t h a 
h e a v y n e o n - h y d r o g e n m i x t u r e . S o m e 
7 0 0 0 0 p h o t o g r a p h s w e r e t a k e n a n d 
a n e v e n t d u e t o a h i g h e n e r g y n e u t r a l 
i n c o m i n g p a r t i c l e w a s s e e n r o u g h l y 
o n c e in e v e r y t h o u s a n d e x p o s u r e s . 
D u r i n g t h e s a m e r u n , t h e G a r g a m e l l e 
h e a v y l i q u i d c h a m b e r t o o k a b o u t 
8 0 0 0 0 p h o t o g r a p h s r e s u l t i n g in s o m e 
f i f t y e v e n t s o f i n t e r e s t . T h e c o u n t e r 
e x p e r i m e n t r e c o r d e d d e t a i l s o f a b o u t 
a t h o u s a n d m u o n e v e n t s . 

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

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

R e c e n t l y t h e r e h a s b e e n s p e c u l a t i o n 
t h a t n e w t y p e s o f p a r t i c l e s , s u c h as 
' a x i o n s ' , c o u l d r e v e a l t h e m s e l v e s in 
b e a m d u m p e x p e r i m e n t s . 
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SERPUKHOV/CERN 
Charmonium news Some figures from the CERN Experimental 

Programme at the end of 1977 
Super 
Proton 

Synchrotron 

Intersecting 
Storage 
Rings 

Proton 
Synchrotron 

Synchro­
cyclotron 

N u m b e r o f a c t i v e 
e x p e r i m e n t s 

38 9 5 
15 

(+ISOLDE) 

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

A v e r a g e n u m b e r 
o f p h y s i c i s t s 
per e x p e r i m e n t 

1064 

28.0 

196 

21.8 

66 

13.2 

111 
(+ 102 at 
ISOLDE) 

7.4 

A v e r a g e n u m b e r 
o f CERN p h y s i c i s t s 
per e x p e r i m e n t 3.1 4.6 2.6 1.1 

A v e r a g e n u m b e r 
o f I n s t i t u t e s 
per e x p e r i m e n t 5.0 4.1 3.0 ' 2 .4 

Total number of physicists: 1539 

New trends in CERN 
research 
A d d r e s s i n g t h e CERN C o u n c i l M e e t i n g 
in D e c e m b e r , R e s e a r c h D i r e c t o r 
G e n e r a l L e o n V a n H o v e d e s c r i b e d t h e 
s i g n i f i c a n t a c h i e v e m e n t s o f CERN 
r e s e a r c h in 1 9 7 7 , u s i n g a s e l e c t i o n o f 
r esu l t s f r o m s o m e t h i r t y e x p e r i m e n t s 
t o i l l u s t r a te t h e m a j o r a reas o f p r o g r e s s 
m a d e d u r i n g t h e year . M a n y o f t h e s e 
resu l t s have b e e n d e s c r i b e d in CERN 
COURIER. 

A t t h e e n d o f t h e f i r s t y e a r o f o p e r a ­
t i o n o f t h e 4 0 0 G e V p r o t o n s y n ­
c h r o t r o n (SPS) f o r p h y s i c s , P ro fesso r 
V a n H o v e d r e w a t t e n t i o n t o t h e 
c h a n g e d p ro f i l e o f r e s e a r c h a t CERN 
n o w t h a t t h i s b i g m a c h i n e is in use . 
A l r e a d y t h e r e a re a b o u t t h e s a m e 
n u m b e r o f a c t i v e e x p e r i m e n t s a t t h e 
S P S as t h e r e are a t t h e ISR, PS a n d SC 
c o m b i n e d , w h i l e a b o u t t w i c e as m a n y 
p h y s i c i s t s w o r k o n t h e S P S as o n t h e 

o t h e r m a c h i n e s (even t a k i n g i n t o a c ­
c o u n t t h e la rge ISOLDE c o n t i n g e n t ) . 
M o r e p h y s i c i s t s t e n d t o be i n v o l v e d in 
an S P S e x p e r i m e n t t h a n is t h e case 
w i t h t h e o t h e r m a c h i n e s b u t r e l a t i v e l y 
less o f t h e s e S P S p h y s i c i s t s are f r o m 
C E R N , t h e i n c r e a s e d n u m b e r s b e i n g 
m a d e u p by t h e s c i e n t i s t s f r o m o u t s i d e 
r e s e a r c h c e n t r e s . 

B e c a u s e o f t h i s h i g h leve l o f p a r ­
t i c i p a t i o n by v i s i t i n g s c i e n t i s t s in t h e 
r e s e a r c h a t C E R N , an A d v i s o r y C o m ­
m i t t e e o f CERN Users is b e i n g s e t u p . 
I ts j o b w i l l be t o l ook a f te r t h e i n t e r e s t s 
o f v i s i t i n g s c i e n t i s t s u s i n g t h e r e s e a r c h 
f a c i l i t i e s , p a r t i c u l a r l y c o n c e r n i n g w o r k ­
i ng c o n d i t i o n s a n d t e c h n i c a l s u p p o r t . 
T h e C o m m i t t e e w i l l n o t c o n c e r n i t se l f 
w i t h t h e sc i en t i f i c p r o g r a m m e as s u c h . 

CERN use rs c o m e in all s h a p e s a n d 
s izes , a n d t h e C o m m i t t e e m e m b e r s h i p 
w i l l r e f l ec t t h i s , i n c l u d i n g s c i e n t i s t s 
w o r k i n g at t h e i r h o m e i n s t i t u t e s a n d 
t r a v e l l i n g o n l y o c c a s i o n a l l y t o CERN 
a n d p h y s i c i s t s b a s e d at C E R N . 

N e w ana l ys i s o f d a t a f r o m an 
e x p e r i m e n t c a r r i e d o u t a t t h e 7 6 G e V 
p r o t o n s y n c h r o t o n at S e r p u k h o v , u n ­
de r t h e a u s p i c e s o f t h e C E R N -
S e r p u k h o v . a g r e e m e n t , has c o m e up 
w i t h f u r t h e r e v i d e n c e f o r t h e h i d d e n 
c h a r m X ( 2 . 8 ) m e s o n w h i c h w a s f i r s t 
seen b y t h e D A S P c o l l a b o r a t i o n at 
DESY. 

T h e K a r l s r u h e / Pisa / S e r p u k h o v / 
V i e n n a c o l l a b o r a t i o n m a d e an e x t e n ­
s ive s t u d y o f p i o n - p r o t o n c h a r g e ex ­
c h a n g e r e a c t i o n s u s i n g a 4 0 G e V / c 
n e g a t i v e p i o n b e a m . Resu l t s f r o m t h i s 
e x p e r i m e n t h a v e a l r e a d y b e e n 
p u b l i s h e d b u t , u s i n g i m p r o v e d p a t t e r n 
r e c o g n i t i o n s o f t w a r e , t h e d a t a has 
b e e n f u r t h e r a n a l y s e d t o u n c o v e r 
h i t h e r t o u n s e e n e f f e c t s d u e t o 
e n e r g e t i c p h o t o n pa i r s p r o d u c e d by 
t h e d e c a y o f h e a v y n e u t r a l m e s o n s . 
T h e n e w p h o t o n pa i r s p e c t r u m s h o w s 
an e n h a n c e m e n t a t 2 . 8 5 G e V , i n ­
t e r p r e t e d as t h e h i d d e n c h a r m X ( 2 . 8 ) 
m e s o n s e e n a t D E S Y a m o n g t h e 
d e c a y s o f t h e J / p s i . 

T h e p r o d u c t i o n leve ls o f t h i s m e s o n 
m e a s u r e d in t h e S e r p u k h o v e x p e r i ­
m e n t a re in b r o a d a g r e e m e n t w i t h t h e 
p r e d i c t i o n o f q u a r k - g l u o n m o d e l s 
w h i c h d e s c r i b e t h e p r o d u c t i o n o f h i d ­
d e n c h a r m s t a t e s f r o m c o n v e n t i o n a l 
q u a r k m a t t e r . 

H i d d e n c h a r m m e s o n s ( s o m e t i m e s 
c a l l e d c h a r m o n i u m ) c o n s i s t o f a 
c h a r m e d q u a r k a n d a c h a r m e d a n t i -
q u a r k in a b o u n d s t a t e . T h e s e q u a r k s 
c a n b i n d t o g e t h e r in d i f f e r e n t s p i n 
s t a t e s b u t s e l e c t i o n ru les d i c t a t e t h a t 
o n l y t h e s p i n o n e s t a t e s , l ike t h e J / p s i , 
c a n c o m e d i r e c t l y f r o m a s i n g l e 
p h o t o n . A s a resu l t , t h e s e s t a t e s are 
s e e n m o r e o f t e n in e l e c t r o n - p o s i t r o n 
c o l l i d i n g b e a m e x p e r i m e n t s s u c h as 
t h o s e o n DORIS at DESY a n d S P E A R at 
S t a n f o r d . 

T h e sp in ze ro c h a r m o n i u m s t a t e s 
c a n n o t c o m e f r o m a s i ng le p h o t o n a n d 
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The detection system of the Karlsruhe / Pisa / 
Serpukhov/ Vienna collaboration at the 76 GeV 
Serpukhov accelerator. In the foreground, 
surrounded by counters and cables, is the 
hydrogen target which is bombarded by a 
negative pion beam. At the rear is the on-line 
photon detector. Further analysis of data from 
this experiment has produced important new 
evidence for the X (2.8), the lightest 
charmonium state. 

****** 

a re m o r e r e l u c t a n t t o s h o w t h e m ­
s e l v e s . T h e y s h o w u p o n l y in t h e 
d e c a y s o f s p i n o n e c h a r m o n i u m ( m a i n ­
ly t h e J / p s i ) . T h e X(2.8) is t h e l i g h t e s t 
c h a r m o n i u m s t a t e y e t s e e n a n d h a s 
p r e v i o u s l y o n l y b e e n s i g h t e d a t D O R I S 
in t h e d e c a y o f t h e J / p s i i n t o t h r e e 
p h o t o n s . A n a d d i t i o n a l s i g h t i n g o f t h i s 
s t a t e is t h e r e f o r e p a r t i c u l a r l y w e l c o m e . 

It is t e m p t i n g t o i d e n t i f y t h e X(2.8) 
w i t h t h e n c p a r t i c l e , p r e d i c t e d b y t h e 
q u a r k m o d e l as t h e g r o u n d s t a t e o f 

c h a r m o n i u m w i t h s p i n z e r o a n d 
n e g a t i v e p a r i t y , b u t t h i s c a n o n l y b e 
c o n f i r m e d b y f i x i n g t h e s p i n a n d p a r i t y 
o f t h e X(2.8). J u s t as t h e J / p s i a n d ps i 
p r i m e s t a t e s a re o n l y t h e b o t t o m t w o 
r u n g s o f a w h o l e l a d d e r o f s p i n o n e 
c h a r m o n i u m s t a t e s , s o t h e n is t h e 
l i g h t e s t m e m b e r o f a n o t h e r s e r i e s o f 
s t a t e s . , 

H e a v i e r c h a r m o n i u m s t a t e s s h o w 
u p in o t h e r e x p e r i m e n t s . T h e B r o o k ­
h a v e n / C E R N / S y r a c u s e / Y a l e c o l ­

l a b o r a t i o n a t t h e C E R N ISR w h i c h s e e s 
s i g n s o f t h e U p s i l o n h a s a l s o l o o k e d a t 
t h e c o r r e l a t i o n b e t w e e n J / p s i s a n d 
p h o t o n s . A n e n h a n c e m e n t in t h e 
e l e c t r o n p a i r - p h o t o n s p e c t r u m n e a r 
3.5 G e V is a t t r i b u t e d t o t h e d e c a y o f a 
h e a v i e r c h a r m o n i u m s t a t e i n t o a J / p s i 
a n d a p h o t o n a n d is l a r g e e n o u g h t o i n ­
d i c a t e t h a t a s i g n i f i c a n t p r o p o r t i o n o f 
J / p s i s c o m e f r o m t h e d e c a y o f h e a v i e r 
c h a r m o n i u m s t a t e s r a t h e r t h a n b e i n g 
f o r m e d d i r e c t l y . T h i s c o u l d h e l p a c ­
c o u n t f o r t h e w i d e d i f f e r e n c e b e t w e e n 
t h e o b s e r v e d p r o d u c t i o n r a t e s o f t h e 
J / p s i a n d p s i p r i m e . 

DESY 
Heavy leptons below 
charm threshold 
S i n c e t h e d i s c o v e r y o f e l e c t r o n / 
m u o n e v e n t s a t S P E A R in 1 975, t h e r e 
h a s b e e n i n c r e a s i n g e v i d e n c e f o r t h e 
p r o d u c t i o n o f a h e a v y l e p t o n in 
e l e c t r o n - p o s i t r o n i n t e r a c t i o n s . T h i s 
n e w p a r t i c l e , n a m e d t a u b y t h e S L A C / 
L B L g r o u p , is e x p e c t e d t o b e p r o d u c e d 
in p a i r s l i ke e l e c t r o n s o r m u o n s . A c ­
c o r d i n g t o t h e o r e t i c a l m o d e l s , a b o u t 
80 % o f t h e t a u d e c a y s l e a d t o a s i n g l e 
c h a r g e d p a r t i c l e ( l e p t o n o r h a d r o n ) a n d 
a d d i t i o n a l n e u t r i n o s o r o t h e r n e u t r a l s . 

A g o o d w a y t o s t u d y t a u p a i r 
p r o d u c t i o n is t h e r e f o r e t o l o o k f o r 
e v e n t s w i t h a l e p t o n ( e l e c t r o n o r 
m u o n ) p l u s a s i n g l e c h a r g e d p a r t i c l e . 
T h e o n l y c o m p e t i n g p r o c e s s , c h a r m e d 
p a r t i c l e p r o d u c t i o n f o l l o w e d b y 
s e m i l e p t o n i c d e c a y , c o n t r i b u t e s o n l y a 
s m a l l b a c k g r o u n d . In f a c t , s i g n i f i c a n t l y 
m o r e l e p t o n p l u s o n e p r o n g ' e v e n t s 
h a v e b e e n o b s e r v e d t h a n e x p e c t e d 
f r o m c h a r m p r o d u c t i o n . M o r e o v e r , t h e 
l e p t o n m o m e n t u m s p e c t r u m in t h e s e 
e v e n t s a g r e e s w e l l w i t h t h e e x p e c t e d 
t a u d e c a y s p e c t r u m . In t h e m u l t i p r o n g 
e v e n t s , t h e l e p t o n s h a v e l o w e r 
m o m e n t a a n d t h e s p e c t r u m f i t s 
s e m i l e p t o n i c c h a r m e d m e s o n d e c a y . 
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Welcoming the Chinese physicists from the 
High Energy Physics Institute in Peking, who 
will collaborate at the PETRA experiment, 
Mark J; — Drs Tang (seen from back), Deutsch, 
Schopper, Ma, Tung and Ting. 

(Photo DESY) 

The spectrum at the foot of the page shows 
effects due to the heavy tau lepton as measured 
by the DASP group on the DORIS electron-
positron storage rings at DESY. 'Lepton plus 
one-prong'events are seen below the threshold 
for charm production (3.73 GeV), and are 
attributed to the tau. This experiment gives a 
better value for the tau mass. 

N e w a n d v e r y c o n c l u s i v e e v i d e n c e 
t h a t t h e e v e n t s w i t h a l e p t o n p l u s a 
s i ng le c h a r g e d p a r t i c l e c a n n o t be ex ­
p l a i n e d in t e r m s o f c h a r m p r o d u c t i o n 
c o m e s f r o m a r e c e n t m e a s u r e m e n t 
w i t h t h e D A S P d e t e c t o r o n t h e D O R I S 
e l e c t r o n - p o s i t r o n s t o r a g e r i ngs . E v e n t s 
o f t h i s t y p e h a v e b e e n o b s e r v e d a t t h e 
ps i p r i m e (3«68) r e s o n a n c e , w e l l b e l o w 
t h e c h a r m t h r e s h o l d a t 3 . 7 3 G e V . 
S i n c e n o e v e n t s w e r e f o u n d a t 3 . 6 
G e V , t h e t a u m a s s m u s t l ie b e t w e e n 
1 .80 a n d 1 .84 G e V . T h e d a t a a re w e l l 
f i t t e d b y t h e c r o s s s e c t i o n f o r pa i r 
p r o d u c t i o n o f p o i n t - l i k e f e r m i o n s . 
F r o m t h e f i t , t h e t a u is d e t e r m i n e d t o 
be 1 . 8 0 7 ± 0 . 0 2 GeV . T h i s is m o r e 
p r e c i s e t h a n ear l i e r v a l u e s b e c a u s e o f 
t h e d a t a p o i n t c l ose t o t h r e s h o l d . 

In t h e D A S P e x p e r i m e n t , t h e t a u 
w a s d e t e c t e d t h r o u g h i ts d e c a y i n t o an 
e l e c t r o n a n d n e u t r i n o s . N e a r l y t h e 
w h o l e m o m e n t u m r a n g e o f t h e 
e l e c t r o n s w a s c o v e r e d . A v e r y c l e a n 
p a r t i c l e i d e n t i f i c a t i o n w a s a c h i e v e d u s ­
i n g C h e r e n k o v , t i m e o f f l i g h t a n d 
s h o w e r c o u n t e r s . In t h e m u o n i c d e c a y 
m o d e m o s t o f t h e e v e n t s w o u l d h a v e 
b e e n los t d u e t o t h e h i g h c u t - o f f 
m o m e n t u m r e q u i r e d f o r m u o n i d e n ­
t i f i c a t i o n . 

Ear l ier D A S P m e a s u r e m e n t s h a v e 
s h o w n o t h e r i n t e r e s t i n g p r o p e r t i e s o f 
t h e t a u . K a o n s are v e r y rare a m o n g t h e 
d e c a y p r o d u c t s , i n d i c a t i n g t h a t t h e 
w e a k c u r r e n t r e s p o n s i b l e f o r t a u d e c a y 
has a s m a l l c o u p l i n g t o s t r a n g e q u a r k s 
l ike t h e n o r m a l C a b i b b o c u r r e n t . Q u i t e 
d i f f e r e n t , b u t a l so w e l l u n d e r s t o o d , is 
t h e o b s e r v a t i o n t h a t t h e m u l t i p r o n g 
e v e n t s c o n t a i n ( a l m o s t ) o n e c h a r g e d 
k a o n per e v e n t , t h a t is ( a l m o s t ) o n e 
c h a r g e d o r n e u t r a l k a o n pe r c h a r m e d 
m e s o n d e c a y . 

T h e d e c a y i n t o a r h o has b e e n 
o b s e r v e d , g i v i n g i n f o r m a t i o n o n t h e 
v e c t o r p a r t o f t h e t a u w e a k c u r r e n t . 
T h e r e is s t i l l a puzz le in t h a t t o o f e w 
d e c a y s i n t o a p i o n h a v e b e e n f o u n d , so 
t h e r e is a p r o b l e m a b o u t t h e ax ia l v e c ­
t o r p a r t o f t h e w e a k c u r r e n t . 

A t t h e e n d o f 1 9 7 7 e l e c t r o n s a n d 
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Bob Wilson, Director of Fermilab, examines a 
gift to the Laboratory from the Lederman group 
— the chrome-plated remains of a high current 
copper magnet shunt. The shunt caused a fire 
which delayed the Upsi/on discovery last year. 
Leon Lederman pointed out that successes in 
experiments are duly recorded but failures, 
which can be even more spectacular, are not 
properly honoured. 

The same group had previously (in 1975) 
presented Fermilab with a block of leadglass 
intended for high energy electron detection. An 
error during heat treatment produced a 
beautiful pattern of internal fractures. Science's 
loss was Art's gain. 

(Photos Fermilab) 

p o s i t r o n s in D O R I S r e a c h e d a n e n e r g y 
o f 4 . 2 G e V in e a c h b e a m — t h e 
h i g h e s t e v e r a c h i e v e d in a n e l e c t r o n -
p o s i t r o n s t o r a g e r i n g . D u r i n g r o u t i n e 
e x p e r i m e n t a l s h i f t s t h e D A S P a n d 
P L U T O d e t e c t i o n s y s t e m a re n o w t a k ­
i n g d a t a a t 3 . 9 G e V w i t h l u m i n o s i t i e s 
g r e a t e r t h a n 1 0 3 0 p e r c m 2 p e r s. 

FERMILAB 
Eight magnet test 
A s t r i n g o f e i g h t s u p e r c o n d u c t i n g 
m a g n e t s f o r t h e F e r m i l a b E n e r g y 
D o u b l e r / S a v e r h a s p a s s e d a w e e k -
l o n g t e s t a n d p r o v i d e d u s e f u l i n f o r m a ­
t i o n o n m o n i t o r i n g a n d c o n t r o l q u e s ­
t i o n s r e l a t i n g t o t h e D o u b l e r . T h e t e s t is 
in t h e s e q u e n c e o f o n e , t w o , a n d f o u r 
m a g n e t t e s t s h e a d i n g t o w a r d a f u l l 
s e c t o r t e s t o f o n e - s i x t h o f t h e r i n g . R i ch 
Or r , f o r m e r L a b o r a t o r y B u s i n e s s 
M a n a g e r , is n o w in c h a r g e o f t h e s e c ­
t o r i n s t a l l a t i o n . 

P r e p a r a t i o n s f o r t h e e i g h t m a g n e t 
t e s t b e g a n in A u g u s t . E i g h t s u p e r c o n ­
d u c t i n g b e n d i n g m a g n e t s w e r e s e t u p 
in s e r i e s a t t h e ' a w n i n g ' , a t e s t s h e d 
l o c a t e d o n e s i x t h o f t h e w a y c l o c k w i s e 
r o u n d t h e r i n g f r o m t h e C e n t r a l 
L a b o r a t o r y B u i l d i n g . S e p t e m b e r a n d 
O c t o b e r s a w t h e s o l u t i o n o f n u m e r o u s 
v a c u u m a n d e l e c t r i c a l p r o b l e m s . T h e 
t e s t s c u l m i n a t e d in l a te O c t o b e r w h e n 
t h e e i g h t m a g n e t s t r i n g w a s e n e r g i z e d . 
T h r o u g h t h e n e x t w e e k , t h e m a g n e t s 
w e r e r a m p e d a b o u t 2 0 0 0 t i m e s w i t h 
c u r r e n t s o f 3 . 5 k A . T h e p e a k c u r r e n t 
d u r i n g t h e t e s t w a s 4 . 1 k A . 

A f t e r t h e r a m p t e s t s , q u e n c h e x p e r i ­
m e n t s w e r e r u n t o t e s t m a g n e t p r o t e c ­
t i o n c i r c u i t r y . W h e n a s u p e r c o n d u c t i n g 
m a g n e t g o e s n o r m a l , o r q u e n c h e s , t h e 
s t o r e d e n e r g y m u s t b e r e m o v e d q u i c k ­
ly t o p r e v e n t d a m a g e t o t h e m a g n e t 
c o i l s . I n v e s t i g a t i o n s a re n o w u n d e r 
w a y o n q u e n c h p r o t e c t i o n s c h e m e s 
u s i n g h e a t e r w i r e s i n t e g r a l l y w o u n d 
w i t h t h e s u p e r c o n d u c t i n g w i r e . W i t h 

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

LOS ALAMOS 
LAMPF Users' Meeting 
A c h i e v e m e n t o f a 3 0 0 u A ( a v e r a g e ) 
p r o t o n b e a m , r o u t i n e u s e o f 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 , c o m p l e ­
t i o n o f t h e E P I C S s p e c t r o m e t e r a n d t h e 
s t a r t 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 in 
t h e p u l s e d n e u t r o n a rea ( W N R ) , w e r e 
a m o n g t h e 1 9 7 7 d e v e l o p m e n t s 
r e p o r t e d t o t h e 1 1 t h L A M P F U s e r s ' 
G r o u p M e e t i n g o n 1 3 - 1 5 N o v e m b e r . 
L A M P F is o n e o f t h e w o r l d ' s ' m e s o n 
f a c t o r i e s ' u s i n g a 8 0 0 M e V h i g h i n t e n ­
s i t y p r o t o n l i n a c t o p r o d u c e h i g h f l u x e s 
o f m e s o n s . 

L o u i s R o s e n , D i r e c t o r o f L A M P F , 
s a w t h i s as a n a p p r o p r i a t e t i m e t o l o o k 
b a c k w i t h s o m e s a t i s f a c t i o n o n t h e 
r e s e a r c h p r o g r a m m e . H i g h l i g h t s m e n ­
t i o n e d b y R o s e n w e r e r e s u l t s f r o m p i o n 
c h a r g e e x c h a n g e , p i o n t o t a l c r o s s s e c ­
t i o n s , n e u t r o n a n d p r o t o n d i s t r i b u t i o n s 
in n u c l e i , h i g h m o m e n t u m c o m p o ­
n e n t s a n d c l u s t e r i n g e f f e c t s in n u c l e i , 
p i o n c h a n n e l l i n g , t h e p i o n - p i o n i n ­
t e r a c t i o n , i d e n t i f i c a t i o n o f n e w 
i s o t o p e s , r a d i a t i o n d a m a g e s t u d i e s , 
p r o t o n - p r o t o n s c a t t e r i n g w i t h 
p o l a r i z e d b e a m a n d t a r g e t , n e u t r o n -
p r o t o n s c a t t e r i n g , m u o n i u m h y p e r f i n e 
s t r u c t u r e , c o l l i d i n g p h o t o n e x c i t a t i o n 
o f n e g a t i v e h y d r o g e n i o n s , p i o n a n d 
m u o n ra re d e c a y m o d e s ( n e u t r a l p i o n 
t o t h r e e g a m m a s , m u o n t o e l e c t r o n 
a n d g a m m a ) a n d n e u t r i n o i n t e r a c t i o n s . 

R e c e n t l y h i g h l y s u c c e s s f u l n e g a t i v e 
p i o n t r e a t m e n t s o f d e e p s e a t e d c a n c e r 
t u m o u r s h a v e b e e n r e p o r t e d b y t h e 
b i o c h e m i c a l r e s e a r c h e r s . T h e s e 
r e s u l t s , in s o m e c a s e s e x c e e d i n g e x ­
p e c t a t i o n s , h a v e g i v e n g r e a t s a t i s f a c ­
t i o n , e s p e c i a l l y s i n c e t h e s e w e r e 
t u m o u r s p a r t i c u l a r l y d i f f i c u l t t o t r e a t b y 
c o n v e n t i o n a l m e a n s . 
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Harvey Willard (in the foreground), then 
Chairman of the LAMPF Users' Group, leads the 
applause for LAMPF Director, Louis Rosen, at 
the end of his account of the achievements at 
the 800 MeV proton linac 'meson factory' in the 
course of 1977. 

S o o n e r o r la te r , t h e d i s c u s s i o n o f t h e 
r e s e a r c h p r o g r a m m e a t a n y l a rge e x ­
p e r i m e n t a l f a c i l i t y m u s t t u r n t o m o n e y . 
R o s e n s a i d t h a t t h e p r e s e n t b u d g e t 
l eve l w o u l d a l l o w o n l y 2 6 w e e k s o f 
o p e r a t i o n in 1 9 7 8 a n d e x p r e s s e d t h e 
h o p e t h a t a d d i t i o n a l o p e r a t i n g a n d 
i m p r o v e m e n t f u n d s w o u l d be g r a n t e d . 
En loe R i t ta r , r e p r e s e n t i n g t h e U.S. 
D e p a r t m e n t o f E n e r g y (DOE) a n d D o u g 
B r y m a n f r o m 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 (NSF) t o o k up t h i s b u c k . 
T h e i r c a u t i o u s m e s s a g e w a s t h a t 
f u n d i n g , a t l eas t t o s u p p o r t t h e p r e s e n t 
leve l o f o p e r a t i o n , c o u l d be e x p e c t e d t o 
c o n t i n u e d e s p i t e t h e r a p i d i n c r e a s e o f 
e l e c t r i c p o w e r c o s t s . 

T h e U s e r s ' M e e t i n g a l so h e a r d o f t h e 
p r o g r a m m e s a n d p l a n s a t t h e o t h e r 
' m e s o n f a c t o r i e s ' r e p o r t e d by J a c k 
S a m p l e f r o m T R I U M F a n d J o h n 
D o m i n g o f r o m S I N . T e c h n i c a l t a l k s 
w e r e g i v e n by W i l l i a m F o w l e r (Ca l . 
Tech . ) o n A s t r o p h y s i c s , G e o r g e 
B u r l e s o n ( N e w M e x i c o S t a t e ) o n P i o n 
P h y s i c s , Ed K n a p p (LASL ) o n W N R , 
H e r b C h e n ( I rv ine) o n N e u t r i n o 
P h y s i c s , M i k e M c N a u g h t o n (Case 
W e s t e r n ) o n P o l a r i z a t i o n E x p e r i m e n t s , 
G e o r g e Igo ( U C L A ) o n HRS r e s u l t s , a n d 
W i l h e l m G a u s t e r (Sand ia ) o n M u o n 
S p i n R o t a t i o n E x p e r i m e n t s . 

T h e B o a r d o f D i r e c t o r s o f t h e U s e r s ' 
G r o u p f o r 1 9 7 8 w a s e l e c t e d - C h a i r ­
m a n J o h n A l l r e d ( H o u s t o n ) ; C h a i r m a n -
e l ec t Isaac H a l p e r n ( W a s h i n g t o n ) ; 
Pas t C h a i r m a n H a r v e y W i l l a r d (Case 
W e s t e r n ) ; M e m b e r s - C l i f f H a r g r o v e 
(NRC, C a n a d a ) , Ra lph M i n e h a r t 
(V i r g i n i a ) , D i ck M i s c h k e (Los A l a m o s ) , 
G l e n n Rebka (M IT ) . 

T h e L A M P F P r o g r a m A d v i s o r y C o m ­
m i t t e e m e t m i d - J a n u a r y t o c o n s i d e r 
r e s e a r c h p r o p o s a l s . T h e y w e r e i n -

Use of the hand-held device developed at Los 
Alamos for treatment of 'cancer eye' in cattle. 
This r.f. heating technique has had great 
success in field trials and can be used easily by 
ranchers themselves. 
The device is in commercial production and the 
technique is being extended to therapy on 
human cancers. 

(Photos Los Alamos) 
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f o r m e d o f a s u c c e s s f u l d e v e l o p m e n t 
r u n g i v i n g a 4 0 0 u A b e a m i n t e n s i t y . 
A l t h o u g h c u r r e n t s u p t o 4 4 0 u A w e r e 
h e l d f o r s e v e r a l h o u r s , t h e l i n a c a p ­
p e a r s t o be a p p r o a c h i n g a b e a m sp i l l 
l i m i t i m p o s e d by e m i t t a n c e . A l s o in t h e 
h i g h i n t e n s i t y e x p e r i m e n t a l a r e a , 
h e a t i n g a t t h e t a r g e t s p o s e s i n c r e a s i n g 
p r o b l e m s as t h e b e a m c u r r e n t is r a i s e d . 

Treatment of 
'cancer eye' 
A n e w s p i n - o f f f r o m t h e w o r k o n t h e 
L A M P F p r o j e c t w a s a l s o r e p o r t e d t o 
t h e U s e r s ' M e e t i n g ; i t c o n c e r n s t h e u s e 
o f r.f. h e a t i n g t o d e s t r o y c a n c e r o u s 
ce l l s . T h i s h a s b e e n s u c c e s s f u l l y a p ­
p l i e d in t h e t r e a t m e n t o f ' b o v i n e c a n c e r 
e y e ' a n d t h e r a p y t r i a l s w i t h t u m o u r s in 
h u m a n s a re b e g i n n i n g . 

' C a n c e r e y e ' is o n e o f t h e m o s t 
t r o u b l e s o m e d i s e a s e s in c a t t l e i n v o l v ­
i n g b e n i g n o r m a l i g n a n t t u m o u r s a p ­
p e a r i n g o n t h e e y e o r e y e l i d o f c a t t l e . It 
is a m a i n c a u s e o f c a t t l e c a r c a s s r e j e c ­
t i o n in s l a u g h t e r h o u s e s a n d , in t h e 
U S A a l o n e , i t is e s t i m a t e d t h a t l o s s e s 
f r o m t h i s c a u s e e x c e e d $ 2 0 m i l l i o n p e r 
y e a r . 

T h e c o n v e n t i o n a l t r e a t m e n t is s u r ­
g i c a l r e m o v a l o f t h e t u m o u r w h i c h is a 
c o s t l y a n d t i m e c o n s u m i n g p r o g r e s s . 
T h e L A M P F P r a c t i c a l A p p l i c a t i o n s 
G r o u p , t o g e t h e r w i t h D a l e H o l m o f t h e 
L o s A l a m o s A g r i c u l t u r e B i o s c i e n c e s 
G r o u p a n d L . M . H o l l a n d o f t h e M a m ­
m a l i a n B i o l o g y G r o u p , t u r n e d t h e i r a t ­
t e n t i o n t o a n o t h e r t e c h n i q u e b e c a u s e 
o f t h e i r e x p e r i e n c e w i t h r.f. s y s t e m s 
s u c h as w e r e u s e d in t h e b u i l d i n g o f t h e 
8 0 0 M e V l i nac . 

S o m e t y p e s o f c a n c e r r e s p o n d t o 
h e a t i n g o f t h e c a n c e r o u s ce l l s t o 
t e m p e r a t u r e s a b o v e t h e n o r m a l b o d y 
t e m p e r a t u r e , s i n c e t h e y a re m o r e 
s u s c e p t i b l e t o d a m a g e a n d t h u s 
p r e f e r e n t i a l l y d e s t r o y e d c o m p a r e d t o 
t h e h e a l t h y ce l l s . T h e L o s A l a m o s t e a m 
d e v e l o p e d a h a n d - h e l d d e v i c e 
o p e r a t e d f r o m a 1 2 V b a t t e r y ( w h i c h 

c a n t h u s b e p l u g g e d i n t o a ca r c i g a ­
r e t t e l i g h t e r s o c k e t ) w h i c h f e e d s r.f. 
(2 M H z a n d a b o u t 1 0 W ) t o e l e c t r o d e s 
w h i c h a re a p p l i e d t o t h e t u m o u r s . T h e 
r e s i s t a n c e o f t h e t i s s u e t o t h e h i g h f r e ­
q u e n c y c u r r e n t c a u s e s h e a t i n g ( u s u a l l y 
u p t o a b o u t 5 0 °C a f t e r 1 0 s o f a p p l i c a ­
t i o n o f t h e e l e c t r o d e s ) a n d ce l l s a re 
d e s t r o y e d . U s i n g r.f. t h e r e is n o s e n s a ­
t i o n o f e l e c t r i c a l s h o c k . 

In c o l l a b o r a t i o n w i t h t h e U n i v e r s i t y 
o f N e w M e x i c o M e d i c a l S c h o o l a s e r i e s 
o f f i e l d t r i a l s w i t h a f f e c t e d c a t t l e h a v e 
b e e n c a r r i e d o u t . D u r i n g t h e l a te r p a r t 
o f t h i s p i l o t p r o g r a m m e c u r e r a t e s o f 
o v e r 9 0 % s e e m t o h a v e b e e n 
a c h i e v e d . T h e d e v i c e has n o w m o v e d 
i n t o c o m m e r c i a l p r o d u c t i o n a n d w i l l be 
s u i t a b l e f o r f i e l d use b y v e t e r i n a r y s u r ­
g e o n s o r b y r a n c h e r s t h e m s e l v e s . 

T h e s a m e t e c h n i q u e has a l s o 
r e c e n t l y b e e n u s e d o n c a r e f u l l y 
s e l e c t e d h u m a n p a t i e n t s a t t h e U n i v e r ­
s i t y o f N e w M e x i c o C a n c e r R e s e a r c h 
a n d T r e a t m e n t C e n t e r . S i g n i f i c a n t 
t u m o u r r e g r e s s i o n h a s b e e n a c h i e v e d . 

SACLAY 
Hail CESAR 
T h e f i r s t s u p e r c o n d u c t i n g d i p o l e o f t h e 
' C E S A R ' p r o j e c t w a s s u c c e s s f u l l y 
t e s t e d a t S a c l a y in D e c e m b e r . T h e 
m a g n e t w a s d e s i g n e d a n d b u i l t b y a 
j o i n t g r o u p f r o m S a c l a y (STIPE) a n d 
C E R N ( s u p e r c o n d u c t i n g g r o u p o f t h e 
S P S E x p e r i m e n t a l A r e a s G r o u p s ) in a 
c o l l a b o r a t i o n s i n c e S e p t e m b e r 1 9 7 5 . 

T h e a i m is t o b u i l d t w o d i p o l e s w i t h 
t h e s a m e f e a t u r e s as t h e c o n v e n t i o n a l 
M B N - t y p e b e a m t r a n s p o r t m a g n e t s 
w h i c h a re u s e d in t h e e x p e r i m e n t a l 
a r e a s o f t h e S P S . A s p e c i a l f e a t u r e o f 
t h e s e d i p o l e s is t h e i r h i g h l y u n i f o r m 
f i e l d , n e c e s s a r y f o r t h e i r u s e in 
s p e c t r o m e t r y e x p e r i m e n t s . T h e y h a v e 
a b e n d i n g p o w e r o f 9 T m a c h i e v e d b y a 
f i e l d o f 4 . 5 T a l o n g a m a g n e t i c l e n g t h 
o f 2 m . T h e d i p o l e s h a v e w a r m b o r e , 
1 0 0 m m in d i a m e t e r , in w h i c h f i e l d 
p r e c i s i o n t o t w o p a r t s in t e n t h o u s a n d 

m u s t be s u s t a i n e d w i t h i n a r e c t a n g u l a r 
a rea m e a s u r i n g 8 0 m m h o r i z o n t a l l y 
a n d 4 0 m m v e r t i c a l l y . 

In t h e D e c e m b e r t e s t s , t h e n o m i n a l 
c h a r a c t e r i s t i c s o f t h e m a g n e t w e r e o b ­
t a i n e d w i t h o u t t r a i n i n g a t a p p r o x ­
i m a t e l y 8 0 % o f t h e c r i t i c a l f i e l d . T h i s is 
p r o b a b l y a c o n s e q u e n c e o f t h e h i g h 
m e c h a n i c a l q u a l i t y o f t h e m a g n e t s i n c e 
c a r e f u l a t t e n t i o n w a s g i v e n t o the 
m e c h a n i c a l s t r u c t u r e . A n e x a m p l e of 
t h i s is t h e c o i l , in w h i c h t h e s h i m s 
b e t w e e n t h e c u r r e n t c a r r y i n g c o n d u c ­
t o r s a re m a d e f r o m c o p p e r t o m i n i m i z e 
d i f f e r e n c e s in c o n t r a c t i o n a n d p r o v i d e 
a v e r y u n i f o r m s t r u c t u r e . A n o t h e r e x ­
a m p l e is t h e m a g n e t i c c i r c u i t w h i c h 
f o r m s t h e c o l l a r o f t h e c o i l , a n d w h o s e 
rad ia l a n d l o n g i t u d i n a l c o n t r a c t i o n s a re 
p r e c i s e l y m a t c h e d t o t h o s e o f t h e c o i l . 

T h e m a g n e t a n d i ts c r y o s t a t 
( c o m p l e t e l y w e l d e d ) w e r e t e s t e d as 
a c o m b i n e d u n i t a n d f u n c t i o n e d 
s m o o t h l y f r o m t h e f i r s t c o o l - d o w n . 
T h i s e m p h a s i s e s t h a t m a g n e t s o f t h i s 
t y p e a re n o l o n g e r t o b e c o n s i d e r e d as 
l a b o r a t o r y p r o d u c e d u n i t s b u t as u n i t s 
r e a d y f o r i n d u s t r i a l p r o d u c t i o n . T h e 
f i e l d m e a s u r e m e n t s a re in a c c o r d a n c e 
w i t h e x p e c t a t i o n s a n d a n t i c i p a t e d 
q u a d r u p o l e c o r r e c t i o n s w i l l n o t h a v e to " 
b e m a d e . O n l y s e x t u p o l e c o r r e c t i o n 
w i l l b e n e c e s s a r y , u s i n g a s p e c i a l c o i l , 
b e c a u s e o f i r o n s a t u r a t i o n . 

T h e c r y o g e n i c s y s t e m is a l so h i g h l y 
s a t i s f a c t o r y ; t h e c o n s u m p t i o n is a p ­
p r o x i m a t e l y 8 I o f h e l i u m p e r h o u r ( w i t h 
a c r y o s t a t v o l u m e o f a b o u t 3 m 3 , c o l d 
w e i g h t 5 t o n s , w a r m b o r e ) . A n i t r o g e n 
s c r e e n is u s e d , w i t h a c o n s u m p t i o n o f 
1.5 I o f n i t r o g e n p e r h o u r . T h e c o o l i n g 
t i m e w a s 1 3 0 h o u r s f r o m 3 0 0 K t o 
8 0 K u s i n g a n i t r o g e n e x c h a n g e r 
r e q u i r i n g a p p r o x i m a t e l y 2 0 0 0 l i t r es o f 
l i q u i d n i t r o g e n . C o o l i n g f r o m 8 0 K t o 
4 . 2 K r e q u i r e d 1 0 0 0 l i t res o f l i q u i d 
h e l i u m a n d t o o k 4 8 h o u r s . 

T h i s f i r s t d i p o l e , b u i l t w i t h V a c u u m -
S c h m e l z e c o n d u c t o r , w a s d e l i v e r e d t o 
C E R N in J a n u a r y . T h e s e c o n d d i p o l e , 
m a d e f r o m M . C . A . c o n d u c t o r , is n o w 
b e i n g t e s t e d a t S a c l a y . 
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The superconducting dipole, CESAR, built at 
Saclay shown being inserted into its cryostat. 
Two dipoles will be used in a North Area beam 
of the CERN SPS in July. 

(Photo Sac/ay) 

Monochromatic 
photon beam 

A n i n t e r m e d i a t e e n e r g y q u a s i - m o n o ­
c h r o m a t i c p h o t o n b e a m p r o d u c e d b y 
p o s i t r o n a n n i h i l a t i o n in f l i g h t is n o w 
a v a i l a b l e a t t h e 6 0 0 M e V e l e c t r o n l i nac 
a c c e l e r a t o r , A L S , a t S a c l a y . T h e 
p h o t o n e n e r g y c a n b e v a r i e d f r o m 1 5 0 
t o 4 5 0 M e V a n d t h e n u m b e r o f 
p h o t o n s is 5 x 1 0 7 p e r s e c o n d a t 
3 0 0 M e V w i t h a 1 % e n e r g y r e s o l u t i o n . 
O b t a i n i n g s u c h a n i n t e n s e m o n o ­
c h r o m a t i c p h o t o n b e a m f r o m d o u b l e 
c o n v e r s i o n ( e l e c t r o n - p o s i t r o n a n ­
n i h i l a t i o n f o l l o w e d b y t h e d e c a y o f t h e 
p o s i t r o n t o g i v e a p h o t o n ) d e p e n d e d o n 
h i g h c u r r e n t a n d h i g h l i n a c d u t y c y c l e 
w h i c h a re c h a r a c t e r i s t i c s o f t h e A L S . 

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

e s t a b l i s h e d in m o s t c a s e s a n d t h e 
c r o s s s e c t i o n s h a v e t o be ' e x t r a c t e d ' 
f r o m y i e l d c u r v e s . T h i s w a s a s e r i o u s 
l i m i t a t i o n in n u c l e a r s t u d i e s w i t h 
B r e m s s t r a h l u n g b e a m s . 

T h e A L S e l e c t r o n b e a m o f a b o u t 8 0 
M e V a n d 8 0 u A a v e r a g e c u r r e n t ( 2 0 
m A , 8 us , 5 0 0 Hz) h i t s a f i x e d g o l d c o n ­
v e r t e r ( a b o u t o n e r a d i a t i o n l e n g t h 
t h i c k ) l o c a t e d a b o u t a t h i r d o f t h e w a y 
d o w n t h e l i nac . T h e p o s i t r o n s a r e 
f u r t h e r a c c e l e r a t e d t o a f i n a l e n e r g y 
v a r i a b l e b e t w e e n 1 5 0 a n d 4 5 0 M e V . 
A t t h e e n t r a n c e t o t h e e x p e r i m e n t a l 
r o o m a f t e r t h e b e a m t r a n s p o r t s y s t e m , 
t h e r a t i o b e t w e e n t h e p o s i t r o n c u r r e n t 
( a f t e r a 1 % m o m e n t u m a n a l y z i n g s l i t ) 
a n d t h e e l e c t r o n c u r r e n t o n t h e c o n ­
v e r t e r , is 0 . 5 x 1 0 " 3 a t 2 0 0 M e V a n d 
1 0 " 3 a t 4 5 0 M e V . 

A t p r e s e n t t h e m a i n l i m i t a t i o n t o i n ­
c r e a s i n g p h o t o n f l u x is t h e l i m i t o f t h e r ­
m a l d e s t r u c t i o n o f t h e e l e c t r o n -
p o s i t r o n c o n v e r t e r . W i t h t h e f i x e d c o n ­
v e r t e r , t h e l i m i t is a b o u t a t h i r d o f t h e 

m a x i m u m a v e r a g e c u r r e n t w h i c h c a n 
b e d e l i v e r e d b y t h e l i nac . 

T h e ' m o n o c h r o m a t o r ' p o s i t r o n t o 
p h o t o n c o n v e r t e r c o n s i s t s o f a l i t h i u m 
a n n i h i l a t i o n t a r g e t a b o u t a h u n d r e d t h 
o f a r a d i a t i o n l e n g t h t h i c k , f o l l o w e d b y 
a 3 0 ° s w e e p i n g m a g n e t a n d a F a r a d a y 
c u p al l b u r i e d in i r o n a n d l e a d 
s h i e l d i n g . T h e p h o t o n s o u r c e is v e r y 
c l o s e ( 3 . 5 m ) t o t h e e x p e r i m e n t a l 
t a r g e t t o e n s u r e t h e m a x i m u m o f 
p h o t o n s in t h e s o l i d a n g l e d e t e r m i n e d 
b y a 3 c m s p o t o n t h e t a r g e t . 

T h e B r e m s s t r a h l u n g o f p o s i t r o n s 
c a n b e c o r r e c t e d f o r b y u s i n g t h e f a c t 
t h a t t w o c o n v e r t e r s o f s a m e r a d i a t i o n 
l e n g t h , b u t o f d i f f e r e n t a t o m i c n u m b e r , 
g i v e t h e s a m e n u m b e r o f B r e m s ­
s t r a h l u n g p h o t o n s , b u t a n u m b e r o f a n ­
n i h i l a t i o n p h o t o n s w h i c h is i n v e r s e l y 
p r o p o r t i o n a l t o t h e a t o m i c n u m b e r . 
T h e q u a s i - m o n o c h r o m a t i c p h o t o n f l u x 
c a n b e o b t a i n e d b y s u b t r a c t i n g t w o 
m e a s u r e m e n t s u s i n g a l i t h i u m a n d a 
c o p p e r c o n v e r t e r . 
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The elastic differential cross section for the 
negative pion-proton interaction, as a function 
of momentum angle measured in an 
experiment at the Argonne Zero Gradient 
Synchrotron. The structure looks more 
complicated than expected. Statistical errors 
range from 3 % for the lowest energy points to 
30 % at the highest energy. 

ARGONNE 
Pion-proton 
scattering structure 

A n e x p e r i m e n t a t t h e A r g o n n e Z G S h a s 
s h o w n t h a t l a r g e a n g l e p i o n - p r o t o n 
e l a s t i c s c a t t e r i n g is m o r e c o m p l i c a t e d 
t h a n h a d b e e n p r e v i o u s l y k n o w n . T h e 
e x p e r i m e n t b y a M i n n e s o t a / C o l u m b i a / 
A r g o n n e c o l l a b o r a t i o n f i l l s l a r g e g a p s 
in t h e d a t a o n t h e e l a s t i c d i f f e r e n t i a l 
c r o s s s e c t i o n s . 

A t w o a r m n o n - m a g n e t i c s p e c t r o ­
m e t e r w a s u s e d t o g i v e a s m o o t h a n d 
l a r g e ( 2 0 % ) a c c e p t a n c e o v e r t h e 
c e n t r e o f m a s s a n g u l a r r a n g e u p t o c o s 
8 a b o u t 0 . 3 . D a t a w e r e o b t a i n e d in 
0 . 5 % i n c i d e n t m o m e n t u m i n t e r v a l s 
f r o m 2 t o 9 G e V / c f o r n e g a t i v e p i o n -
p r o t o n a n d p r o t o n - p r o t o n e l a s t i c s c a t ­
t e r i n g a n d f r o m 2 t o 6 G e V / c p o s i t i v e 
p i o n - p r o t o n . T h e p r o t o n - p r o t o n r e a c ­
t i o n , w h i c h h a s b e e n e x t e n s i v e l y 
m e a s u r e d in p r e v i o u s e x p e r i m e n t s , 
p r o v i d e s a u s e f u l c h e c k o n t h e n o r ­
m a l i z a t i o n a n d a n a l y s i s . 

T h e n e g a t i v e p i o n - p r o t o n c r o s s s e c ­
t i o n s fa l l f r o m 1 0 3 u b / ( G e V / c ) 2 t o 1 0 " 2 

u b / ( G e V / c ) 2 in t h e r a n g e o f t h i s 
m e a s u r e m e n t a n d , as t h e f i g u r e i l ­
l u s t r a t e s , i t is n o t a s l o p e f o r b e g i n n e r s . 
T h e d o m i n a n t f e a t u r e is t h e w e l l -
k n o w n m i n i m u m a t 3 ( G e V / c ) 2 . In a d d i ­
t i o n , t h e r e a re m a n y o t h e r s t a t i s t i c a l l y 
s i g n i f i c a n t s t r u c t u r e s in t h e d a t a . A 
q u a l i t a t i v e a n a l y s i s r e v e a l s t h a t t h e s e 
s t r u c t u r e s c a n n o t b e e x p l a i n e d b y 
f e a t u r e s w h i c h a re c o n s t a n t in o t h e r 
k i n e m a t i c a l v a r i a b l e s . T h e y h a v e 
w i d t h s o f t h e o r d e r o f 1 0 0 - 2 0 0 M e V 
a n d e x i s t in b o t h n e g a t i v e a n d p o s i t i v e 
p i o n d a t a . T h e p r o t o n - p r o t o n d a t a , o n 
t h e o t h e r h a n d , s h o w n o s t a t i s t i c a l l y 
s i g n i f i c a n t f l u c t u a t i o n s a n d a re 
c o n s i s t e n t w i t h p r e v i o u s e x p e r i m e n t s . 

T h e s e r e s u l t s a re n o t t o t a l l y u n e x ­
p e c t e d . S. F r a u t s c h i s u g g e s t e d in 
1 9 7 2 t h a t i f t h e r e w e r e m a n y o v e r l a p ­
p i n g r e s o n a n t s t a t e s in t h e p i o n - p r o t o n 
s y s t e m a t e n e r g i e s a b o v e 2 - 3 G e V , t h i s 

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

In a n e x p e r i m e n t a t C E R N , i t w a s 
f o u n d t h a t l a r g e a n g l e p o s i t i v e p i o n -
p r o t o n c r o s s s e c t i o n s n e a r 5 G e V / c 
c h a n g e d b y as m u c h as a f a c t o r 
o f t h r e e b e t w e e n t w o m o m e n t a 

s e p a r a t e d b y o n l y 2 0 M e V a n d t h a t 
r e s u l t w a s i n t e r p r e t e d as s u p p o r t f o r 
F r a u t s c h i ' s m o d e l . A q u a n t i t a t i v e 
a n a l y s i s o f t h e d a t a f r o m t h e Z G S e x ­
p e r i m e n t is b e i n g a t t e m p t e d t o d e t e r ­
m i n e w h e t h e r t h e d e t a i l s o f t h e f l u c ­
t u a t i o n m o d e l c a n b e c o n f i r m e d . 
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P o l a r i z a t i o n e x p e r i m e n t s u s i n g h i g h 
e n e r g y e l e c t r o n b e a m s p r o v i d e a 
u s e f u l w a y o f c o m p a r i n g t h e e f f e c t s o f 
w e a k a n d e l e c t r o m a g n e t i c i n t e r a c t i o n s 
a n d c o u l d g i v e a h a n d l e o n t h e e l u s i v e 
p a r i t y - v i o l a t i n g c o m p o n e n t o f t h e 
w e a k n e u t r a l c u r r e n t . 

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

H o w e v e r , m a n y p h y s i c i s t s a re n o w 
c o n f i d e n t t h a t t h e s e d e p o l a r i z i n g e f ­
f e c t s c a n b e c o n t r o l l e d s o t h a t 
s o p h i s t i c a t e d p o l a r i z a t i o n e x p e r i m e n t s 
w i l l b e p o s s i b l e e v e n w i t h v e r y h i g h 
e n e r g y m a c h i n e s l i ke P E T R A a n d PEP 
(see J u n e i s sue 1 9 7 7 , p a g e 1 8 6 ) . T o 
c h e c k t h e e f f e c t i v e n e s s o f t e c h n i q u e s 
f o r o p t i m i z i n g b e a m p o l a r i z a t i o n , s o m e 
f o r m o f p o l a r i m e t e r is n e e d e d t o g i v e 
f a s t , a c c u r a t e m e a s u r e m e n t s o f t h e 
b e a m . 

A c o l l a b o r a t i o n o f p h y s i c i s t s f r o m 
W i s c o n s i n a n d S L A C h a s d e v e l o p e d a 
p o l a r i m e t e r f o r t h e S P E A R e l e c t r o n -
p o s i t r o n s t o r a g e r i n g w h i c h is a b l e t o 
m e a s u r e b e a m p o l a r i z a t i o n a c c u r a t e l y 

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

In t h e p o l a r i m e t e r , l i n e a r l y p o l a r i z e d 
p h o t o n s a re p r o d u c e d b y a l a s e r 
o p e r a t i n g a t t h e S P E A R b u n c h f r e ­
q u e n c y o f 1.3 M H z . T h e s e p h o t o n s a r e 
t h e n p a s s e d t h r o u g h a P o c k e l s ce l l ( an 
e l e c t r i c a l l y c o n t r o l l e d q u a r t e r - w a v e 
p l a t e ) t o b e c o m e c i r c u l a r l y p o l a r i z e d 
a n d a p h o t o n d e t e c t o r m e a s u r e s t h e 
r e s u l t a n t b a c k s c a t t e r i n g f r o m t h e 
S P E A R b e a m p a r t i c l e s ( in t h i s c a s e t h e 
p o s i t r o n s ) . T h e o b s e r v e d a s y m m e t r y in 
t h e p h o t o n d i s t r i b u t i o n d e p e n d s o n t h e 
l eve l o f t r a n s v e r s e p o l a r i z a t i o n in t h e 
p o s i t r o n b e a m . T h e s y s t e m is f u n c t i o n ­
i n g w e l l . 

Schematic drawing of the polarimeter now in 
operation on the SPEAR electron-positron 
storage ring at Stanford. Polarized laser 
photons are back scattered from polarized 
positrons in the storage ring giving an 
asymmetry in the scattered photons. The laser 
and detector are in fact quite small units ('table 
top') located some 13m from SPEAR. 

POCKELS CELL 

/ 
2 . 5 5 eV CIRCULARLY 

POLARIZED 
PHOTONS 

TRANSVERSELY 
POLARIZED 
POSITRONS 

UP/DOWN SCALERS 
> 1 0 0 MeV 

BACK SCATTERED PHOTON 

Muon puzzle continues 
T h e m u - m e s o n , o r m u o n , is a 
p e r p l e x i n g p a r t i c l e . E v e n i t s n a m e is i n ­
a p p r o p r i a t e . T h e w o r d m e s o n , f o r i n ­
t e r m e d i a t e m a s s p a r t i c l e , w a s o r i g i n a l ­
ly c o i n e d t o l abe l p a r t i c l e s w h i c h h a v e 
a m a s s h e a v i e r t h a n t h e e l e c t r o n b u t 
l i g h t e r t h a / i t h e p r o t o n a n d t h e m u o n 
o b v i o u s l y f i t t e d t h a t r e q u i r e m e n t . 
H o w e v e r , ' m e s o n ' n o w d e s c r i b e s a 
b o s o n ( p a r t i c l e o f i n t e g e r s p i n ) w h i c h 
t a k e s p a r t in s t r o n g i n t e r a c t i o n s a n d 
c o n s i s t s o f a q u a r k - a n t i q u a r k c o m b i n a ­
t i o n . 

T h e m u o n c e r t a i n l y d o e s n o t f i t t h a t 
r e q u i r e m e n t — i t t a k e s n o p a r t in 
s t r o n g i n t e r a c t i o n s a n d is n o t i n ­
t e r p r e t e d as a q u a r k - a n t i q u a r k c o m ­
b i n a t i o n . It n o l o n g e r h a s a n y r i g h t t o 
t h e t e r m ' m e s o n ' in m o d e r n t e r ­
m i n o l o g y . H o w e v e r t h e n a m e h a s 
s t u c k . 

N o t o n l y d i d i t g e t b a p t i z e d w i t h t h e 
w r o n g n a m e , b u t a l s o e v e r y o n e w i s h e d 
i t h a d n ' t b e e n b o r n . T h e m u o n w a s d i s ­
c o v e r e d in c o s m i c ray e x p e r i m e n t s in 
t h e 1 9 3 0 s , w h e n p h y s i c i s t s w e r e 
e a g e r l y l o o k i n g f o r t h e Y u k a w a m e s o n 
( t h e p i - m e s o n o r p i o n ) , p o s t u l a t e d as 
t h e f i e l d q u a n t u m r e s p o n s i b l e f o r t h e 
f o r c e s i n s i d e n u c l e i . A t f i r s t m i s t a k e n l y 
i d e n t i f i e d as t h e Y u k a w a m e s o n , t h e 
m u o n w a s s u b s e q u e n t l y f o u n d t o h a v e 
p r o p e r t i e s v e r y d i f f e r e n t f r o m t h o s e o f 
a p a r t i c l e c l o s e l y i n v o l v e d w i t h t h e 
m e c h a n i s m s o f t h e s t r o n g n u c l e a r 
f o r c e . 

T h e m u o n in f a c t i n t e r a c t s v e r y l i t t l e 
w i t h n u c l e a r m a t t e r , as v i v i d l y 
d e m o n s t r a t e d b y i t s a b i l i t y t o t r a v e l 
t h r o u g h t h e w h o l e t h i c k n e s s o f t h e 
e a r t h ' s a t m o s p h e r e , a n d e v e n t o c o n ­
s i d e r a b l e d e p t h s b e l o w g r o u n d , b e f o r e 
b e i n g t r a n s f o r m e d in s o m e i n t e r a c t i o n 
w i t h a n o t h e r p a r t i c l e . T a k i n g n o d i r e c t 
p a r t in s t r o n g n u c l e a r i n t e r a c t i o n s , t h e 
m u o n b e l o n g s w i t h t h e e l e c t r o n a n d 
t h e n e u t r i n o s , t o w h i c h w e s h o u l d n o w 
a d d t h e n e w t a u p a r t i c l e ( s e e n a t S L A C 
a n d D E S Y ) , in t h e s m a l l g r o u p o f p a r t i ­
c l e s c a l l e d l e p t o n s . 
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A l t h o u g h t h e m u o n is s o m e t w o 
h u n d r e d t i m e s h e a v i e r t h a n t h e 
e l e c t r o n , a n d is u n s t a b l e w i t h a m e a n 
l i f e t i m e o f 2 . 2 us , a l l i t s o t h e r p r o p e r ­
t i e s a p p e a r t o be s i m i l a r t o t h o s e o f i t s 
s t a b l e r e l a t i v e . T h e m u o n a n d t h e 
e l e c t r o n b o t h a p p e a r t o b e ' p o i n t - l i k e ' 
p a r t i c l e s w h o s e i n t e r a c t i o n s c a n b e 
p r e c i s e l y c a l c u l a t e d b y t h e m e t h o d s o f 
q u a n t u m e l e c t r o d y n a m i c s . 

T h e u n c a n n y d u a l i t y b e t w e e n t h e 
e l e c t r o n a n d t h e m u o n h a s b e e n a 
g r e a t m y s t e r y in p a r t i c l e p h y s i c s a n d is 
s t i l l n o t u n d e r s t o o d . N o t h i n g h a s y e t 
b e e n f o u n d t o ' e x p l a i n ' t h e e x i s t e n c e o f 
t h e m u o n a n d t o a c c o u n t f o r i t s b e i n g 
s o m u c h h e a v i e r t h a n t h e e l e c t r o n . 
H o w e v e r , t o t h e b e s t o f o u r k n o w l e d g e 
t h e m u o n a n d t h e e l e c t r o n , a l t h o u g h 
s i m i l a r in s o m a n y w a y s , a re n o t 
i n t e r c h a n g e a b l e . T h e r e is s o m e 
m y s t e r i o u s ' m u o n n e s s ' w h i c h , l i ke 
e l e c t r i c c h a r g e , has t o b e p r e s e r v e d in 
p a r t i c l e i n t e r a c t i o n s a n d p r e v e n t s t h e 
m u o n f r o m c h a n g i n g d i r e c t l y i n t o a n 
e l e c t r o n w h i l e s h e d d i n g i t s e x c e s s 
m a s s . 

M u c h e f f o r t h a s b e e n s p e n t in l o o k ­
i n g f o r v i o l a t i o n s , n o m a t t e r h o w s m a l l , 
o f t h i s r u l e w h i c h s t r i c t l y d i s t i n g u i s h e s 
m u o n s a n d e l e c t r o n s . T h e s e i n v e s t i g a ­
t i o n s h a v e b e e n g i v e n a d d i t i o n a l 
s t i m u l u s in r e c e n t y e a r s w i t h t h e 
a v a i l a b i l i t y o f t h e s o - c a l l e d ' m e s o n f a c ­
t o r i e s ' — L A M P F a t L o s A l a m o s , S I N 
n e a r Z u r i c h a n d T R I U M F in V a n c o u v e r 
— w h e r e m u o n s c a n b e p o u r e d o u t in 
a b u n d a n c e . 

E x p e r i m e n t s w e r e m o u n t e d t o l o o k 
f o r e x a m p l e s o f m u o n s t u r n i n g i n t o 
e l e c t r o n s o r o f m u o n i c m a t t e r b e i n g 
t r a n s f o r m e d i n t o e l e c t r o n i c m a t t e r , b u t 
w i t h o u t s u c c e s s . B e f o r e t h e m e s o n 
f a c t o r i e s b e g a n o p e r a t i o n , t h e e x ­
p e r i m e n t a l a c c u r a c y i m p l i e d t h a t if 
t h e r e w e r e a n y s u c h r e a c t i o n s w h i c h 
v i o l a t e d c o n s e r v a t i o n o f m u o n n e s s , 
t h e n t h e y w e r e a t l e a s t 1 0 8 r a re r t h a n 
c o n v e n t i o n a l p r o c e s s e s . T h e l i m i t h a s 
n o w b e e n c a r r i e d m u c h f u r t h e r . 

Gauge theories 

A t t h e s a m e t i m e as n e w e x p e r i m e n t s 
a t T R I U M F a n d S I N w e r e s e a r c h i n g f o r 
h i n t s o f m u o n - e l e c t r o n c o n v e r s i o n , 
d e v e l o p m e n t s in g a u g e t h e o r y e n a b l e d 
t h e w e a k a n d e l e c t r o m a g n e t i c i n t e r a c ­
t i o n s o f p a r t i c l e s l i ke t h e e l e c t r o n a n d 
t h e m u o n t o b e c o n s i d e r e d t o g e t h e r . 
T h e t h e o r i e s p r o v i d e d a f r a m e w o r k t o 
d e s c r i b e a n d t o c a l c u l a t e a n y m u o n -
e l e c t r o n a f f i n i t y . 

In s u c h a t h e o r e t i c a l p i c t u r e , a l l m a t ­
t e r c a n b e s e e n as c o n s i s t i n g o f s p i n 
o n e h a l f f e r m i o n s — t h a t is , p a r t i c l e s 
w h i c h o b e y t h e P a u l i E x c l u s i o n P r i n c i ­
p l e . T h e f e r m i o n s a re e i t h e r q u a r k s 
( m a k i n g u p h a d r o n i c m a t t e r ) o r l e p t o n s 
( l i ke t h e e l e c t r o n , m u o n a n d n e u t r i n o s ) . 
O n e p r o b l e m is t h a t n o b o d y y e t k n o w s 
h o w m a n y q u a r k s o r h o w m a n y 
l e p t o n s s h o u l d b e i n c l u d e d J n t h e 
t h e o r y . 

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

N o w i t l o o k s l i ke l y t h a t a t l eas t o n e 
e x t r a l e p t o n ( t h e t a u p a r t i c l e ) h a s t o b e 
i n c o r p o r a t e d i n t o t h i s m o d e l a n d s u c h 
a n a d d i t i o n a l l e p t o n s h o u l d , a c c o r d i n g 
t o t h e r u l e s , b r i n g w i t h i t i ts o w n 
n e u t r i n o . T h e t w o a d d i t i o n a l l e p t o n s 
w o u l d i m p l y e x t r a q u a r k s t o k e e p t h e m 
c o m p a n y a n d t h e s e m a y w e l l h a v e 
b e e n p r e s a g e d b y t h e n e w h e a v y U p ­
s i l o n e n h a n c e m e n t s d i s c o v e r e d a t Fer ­
m i l a b . 

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

f o r m o f t h e m e c h a n i s m p r o p o s e d t o 
' d r i v e ' t h e c o n v e r s i o n . A l t h o u g h a l ­
l o w e d in t h e s e e n l a r g e d m o d e l s , 
m u o n - e l e c t r o n c o n v e r s i o n is s u p p r e s ­
s e d t o a l o w l eve l b y t h e r a t i o s o f p a r t i ­
c l e m a s s e s , e t c . 

Experimental results 

S e a r c h e s f o r a n o m a l o u s m u o n d e c a y s 
h a v e r e c e n t l y b e e n c a r r i e d o u t b y 
T R I U M F a n d S I N c o l l a b o r a t i o n s a n d a 
B e r n g r o u p h a s s e a r c h e d f o r m u o n -
e l e c t r o n c o n v e r s i o n in n u c l e i a t S I N . 
N o e x a m p l e s h a v e b e e n s e e n a n d t h e 
a c c u r a c y o f t h e s e e x p e r i m e n t s m e a n s 
t h a t t h e u p p e r l i m i t o n t h e p o s s i b l e 
f r a c t i o n o f p r o c e s s e s s h o w i n g 
a n o m a l o u s m u o n d e c a y is d o w n a t t h e 
1 0 " 9 l e v e l , w h i l e t h e c o r r e s p o n d i n g 
l i m i t f o r m u o n - e l e c t r o n c o n v e r s i o n in 
n u c l e i is e s t i m a t e d b y t h e B e r n g r o u p 
t o b e in t h e 1 0 " 1 0 r e g i o n . 

W h i l e a b s o r b i n g t h e s e f i g u r e s , i t is 
w o r t h r e c a l l i n g t h a t t h e f r a c t i o n o f 
e v e n t s v i o l a t i n g c h a r g e - p a r i t y c o n s e r ­
v a t i o n in t h e d e c a y o f t h e n e u t r a l k a o n s 
is a b o u t 1 0 " 3 a n d e v e n t h a t is c o n ­
s i d e r e d a s m a l l e f f e c t . W i t h l i m i t s n o w 
d o w n n e a r 1 0 " 1 0 , a n y k i n d o f m u o n -
e l e c t r o n c o n v e r s i o n w o u l d b e a 
m i n u s c u l e e f f e c t a n d v e r y d i f f i c u l t t o 
d e t e c t . 

If t h e s e n e w l i m i t s i m p l y t h a t t h e 
m u o n a n d e l e c t r o n a l w a y s r e t a i n t h e i r 
i n d i v i d u a l i d e n t i t y t h e n p h y s i c i s t s s t i l l 
n e e d a r e a s o n f o r t h e m u o n ' s e x ­
i s t e n c e . F o r t y y e a r s a f t e r i ts d i s c o v e r y , 
t h e m u o n r e m a i n s a p e r p l e x i n g p a r t i ­
c l e . 
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People and things 

Bernard Gregory 

We learned with shock that Bernard 
Gregory died from a heart attack 
during the night of 24-25 December. 
Only days before, he had been elected 
President of the CERN Council and the 
European high energy physics 
community was looking forward to his 
devoted and experienced leadership in 
the coming years. 

Bernard Gregory was born in 
Bergerac, France, in 1919. His 
reputation in our field of research grew 
in the 1950s when he worked with 
Louis Leprince-Ringuet at the Ecole 
Polytechnique participating in 
important cosmic ray physics and then 
becoming a specialist in the 
exploitation of the new technique of 
bubble chambers. His qualities were 
seen to be so outstanding that he was 
elected Member of the CERN Scientific 
Policy Committee in 1960 — an 
honour assigned only on the basis of 
scientific ability. Around that time he 
was involved in the early research with 
bubble chambers, directing the work 
on the 81 cm hydrogen chamber built 
at Saclay and brought to the CERN PS. 

In 1964 he joined CERN as 
Directorate Member for Research and 
in 1966 became Director General. He 
led the Laboratory through those 
difficult years (1966-1970) of the 
debate on the construction of the 300 
GeV machine. He poured enormous 
energy and talent into keeping this 
debate alive and was one of the three 
people (with EdoardoAmaldi and John 
Adams) cited, when construction 
authorization was finally achieved in 
1971 f as someone whose contribution 
to the decision had been outstanding. 
It was during his period of office as 
Director General also that that unique 
instrument, the Intersecting Storage 
Rings, was constructed and that the 
collaborations with our colleagues in 
the Soviet Union flourished. 

Bernard Gregory returned to France 
and became a very influential figure in 

national science policy. He led the 
Centre national de la Recherche 
scientifique (CNRS) from 1973 to 
1976 and was then appointedDelegue 
general a la Recherche scientifique et 
technique (DGRST). 

At the December 1977 CERN 
Council session he was elected 
President. He had the respect of the 
whole European science community 
and of the political bodies which 
determine science policy. His broad 
experience, his commitment to the 
field of high energy physics, his great 
talent for analysis and the formulation 
of acceptable compromises, were just 
the qualities which will be needed in 
the coming years as Europe looks to 
the future again. His death has created 
a deep sense of loss. 

Meetings 

The 4th General Conference of the 
European Physical Society will be held 

at York in England from 25-29 
September 1978 under the title 
'Trends in Physics'. In the high energy 
physics field there will be a plenary 
session on 'New developments in 
elementary particle physics' and sym­
posia on quarks and on synchrotron 
radiation. Further information from 
EPS4, The Meetings Office, The In­
stitute of Physics, 47 Bel grave Square, 
London SW1X 8QX. 

A Workshop on Channelling at High 
Energies sponsored by the State 
University of New York at Albany and 
Fermilab will be held at Fermilab on 
7-8 April. For further information, con­
tact R.A. Carrigan at Fermilab, P.O. Box 
500, Batavia, Illinois 60510. 

The next SLAC Users' Meeting, fol­
lowed by Workshops on the future of 
Linac and SPEAR physics, will be held 
on 30-31 March (possibly extending to 
1 April) at the Stanford Linear Ac­
celerator Center. 
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The Fourth Summer Study on High 
Energy Nuclear Collisions will be held 
at Berkeley from 24-28 July. It will 
consist of a relaxed schedule of discus­
sion and talks covering experimental 
and theoretical accomplishments of 
the last two years and perspectives for 
the future for heavy ion physics in the 
approximate range 20 MeV/nucleon to 
a few GeV/nucleon. Further informa­
tion can be obtained from the ARC 
Office, Building 51, Lawrence Berkeley 
Laboratory, Berkeley, California 
94720. 

APS/AAPT in San Francisco 

The 1978 Annual Joint Meeting of the 
American Physical Society (APS) and 
the American Association of Physics 
Teachers (AAPT) was held in San 
Francisco from 23-26 January. Among 
the highlights was a session on 
DUMAND, the Deep Underseas Muon 
and Neutrino Detection project which 
hopes to open an era of neutrino 
astronomy (see May issue, 1977, page 
154). Sid Drell fro.m Stanford gave the 
1978RichtmeyerLecture with the title 
'When is a Particle ?'. Norman Ramsey, 
Higgins Professor of Physics at 
Harvard University, prominent on the 
scientific and political scene in USA 
high energy physics for many years, 
has taken over this year as President of 
the APS. 

Principles of Ignorance 

The Encyclopaedia of Ignorance', 
recently published by Pergamon Press, 
is an attempt to put between two 
covers the present limits of scientific 
knowledge and to indicate those areas 
where our understanding is a bit thin. 
The book contains contributions from a 
number of distinguished cosmologists 
such as Herman Bond/', J.A. Wheeler, 
W. McCrea. Only Abdus Salam writes 
on the underlying structure of matter. 
Does this mean that in particle physics 
we are less ignorant than in cosmology 

or does it mean we are less ready to 

admit it? 

On People 

Laura Fermi, author of several books 
on the world of atomic physics and 
physicists and wife of Enrico Fermi, the 
Italian physicist who built the first 
nuclear reactor in Chicago, died on 26 
December at the age of 70. Laura 
Fermi remained a lively and active 
personality right up to her death. She 
was a main speaker at the dedication 
ceremony in 1974 of the National 
Accelerator Laboratory which was 
named the Fermi National Accelerator 
Laboratory (Fermilab) in honour of her 
husband. 

Kurt Mellentin, Head of the DESY 
library, died on 28 December at the 
age of 54. Dr. Mellentin went to DESY 
in 1962 to organize the library and 
built up an information and 
documentation system, including 
preprints which were not covered by 
other systems. In the High Energy 
Physics (HEP) Index, now in its 16th 
volume, compiled at DESY and 
published by ZAED, new publications 
and preprints are included within four 
weeks. The Index is on tape and DESY 
provides a SDI service and 
retrospective searches (one of the first 
services of this kind). The tapes are 
used by other information services as 
part of their data base (for example 
SPIRES at SLAC and HEPPI at CERN). 
Those who knew Kurt Mellentin 
closely had a high respect for his broad 
knowledge in science and the liberal 
arts. 

On 22 November, Samuel Goudsmit, 
for 26 years until 1974 a scientist at 
Brookhaven, received the National 
Medal of Science (the USA's highest 
national award for scientific or 
engineering achievement) from 
President Carter. The citation read, 'for 
the discovery of the electron spin as 

the source of a new quantum number' 
and commemorates the work carried 
out in 1925 in collaboration with 
George Uhlenbeck who also received 
the Medal. 

Gerald Smith has been appointed to 
succeed Tom Fields as Associate 
Laboratory Director for High Energy 
Physics at Argonne. Dr. Smith, from 
Michigan State University, joined 
Argonne on 16 January as Head of the 
Accelerator Research Facilities and 
High Energy Physics Divisions. Tom 
Fields is returning to full time research 
and spending a sabbatical year at 
CERN. 

Giorgio Bellettini has become Director 
of the National Laboratories ofFrascati 
in Italy. Among his other duties prior to 
his appointment, Professor Bellettini 
was Leader of the Pisa University 
group in the Frascati / Genova / 
Harvard / MIT / Naples / Pisa 
collaboration at the CERN Intersecting 
Storage Rings and was joint 
spokesman of the collaboration with 
Sam Ting. P.L. Braccini has now taken 
over as joint spokesman. 

At the December CERN Council 
Session there were tributes to 
P. Levaux the retiring President for the 
very efficient way in which he had 
guided Council affairs during his years 
in office and to W. Paul for his 
leadership of the Scientific Policy 
Committee for the past three years. 

The following elections and 
appointments were made at the CERN 
Council Session in December: Vice-
Presidents of Council - P. Levaux, 
A.C. Pappas; G. Stafford succeeds 
W. Paul as Chairman of the Scientific 
Policy Committee and N. Cabbibo, 
W. Paul, H. Schopper and V.L. Te/egdi 
are elected SPC members for three 
years; M. Gig I/'are Hi Fiumi was re­
elected Chairman of the Finance 
Committee with J. Beattie as V/'ce-
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1. Laura Fermi at the Fermilab Dedication 
ceremony in 1974. 
2. Hans-Otto Wuster, newly appointed Head of 
the JET fusion project. 
3. P. Levaux, retiring President of CERN Council. 

Chairman; E. Lohrmann wili continue 
as Member of the CERN Directorate for 
Experimental Physics until the end of 
1978 and will be succeeded by I. 
Mannelli. 

From 1 January E. Gabathuler has 
succeeded E. Picasso as Leader of the 
Experimental Physics Division (as 
decided at the June 1977 Council 
Session). Emilio Picasso earned much 
praise for his work as Division Leader 
and for the engaging style with which 
he carried out his work. 

Joining the Jet Set 

Hans-Otto Wuster, Directorate Mem­
ber at CERN, has been appointed to 
lead the JET project at the Culham 
Laboratory in the UK. JET (Joint Euro­
pean Torus) is Europe's next step in the 
attempt to master thermonuclear fu­
sion by the toroidal plasma confine­
ment technique which usually goes 

1. 

under the name of 'Tokamak', selected 
by' its originator the late Lev Art-
simovitch from the Soviet Union. The 
project is under the auspices of 
Euratom (European Atomic Energy 
Community). 

Hans-Otto Wuster has had a dis­
tinguished career in high energy 
physics Laboratories. At DESY he was 
also a Member of the Directorate and 
had much to do with the bringing into 
operation of the successful electron 
synchrotron. He came to CERN in 
1971 as Deputy to John A dams during 
the construction of the SPS with 
special responsibilities in budgetary 
and personnel matters. These 
managerial responsibilities were ex­
tended to the whole of CERN in the 
reorganization at the beginning of 
1976. They have been conducted in 
ebullient style backed by a very keen 
mind and a thorough understanding of 
what he was managing. 

It is perhaps not a coincidence that 

2. 

the USA equivalent of JET (TFTRf the 
Tokamak Fusion Test Reactor being 
built at Princeton) is also headed by an 
ex-accelerator physicist — Paul 
Reardon, who was a leading per­
sonality in the construction of the Fer­
milab machine. Their appointments 
are a measure of the strength of exper­
tise and leadership which exist in high 
energy pliysics Laboratories. 

CERN will miss Hans-Otto Wuster's 
abilities and personality very much. 
We wish him well in his new appoint­
ment. 

New Division at Los Alamos 

A new Accelerator Technology 
Division has been formed at Los 
Alamos Scientific Laboratory, under Ed 
Knapp as Division Leader and Bob 
Jameson as Alternate. It will bring 
together activities from several 
existing Divisions. One of the core 
projects will be the PIGMI linac design 



for medical applications under Don 
Swenson (see September issue, 
1976). A new study on accelerators for 
fertile to fissile nuclear fuel conversion 
will be shared between the Energy 
Division and the Accelerator 
Technology Division. Work on gyrocon 
r.f. power generation as promoted at 
Novosibirsk (see August issue, 1977) 
and high-brightness negative 
hydrogen ion sources will also move to 
the new Division together with the 
design and construction of a proton 
storage ring for the LAMPF Pulsed 
Neutron Source, now under active 
consideration for funding by the US 
Department of Energy. 

Reorganization of colliding beams 
research at Fermilab 

The colliding beams effort at Fermilab 
has now been split into three separate 
groups. In the Research Division, a Col­
liding Detector Facility (CDF) Depart­
ment is responsible for organizing the 
design, construction and implementa­
tion of a facility to study proton-proton 
and proton-antiproton collisions. The 
existence of such a facility is not meant 
to preclude other more modest experi­
ments, but there is no need to organize 
such experiments at this early time. 
Instead they might be planned and 
proposed when colliding beams are 
closer to operation at the Laboratory. 
Alvin Tollestrup will Head the CDF 
Department, with Jim Walker as 

2. 

Deputy Head and Peter Mclntyre as 
Assistant Head. 

In the Accelerator Division two new 
groups have been formed. One, the 
Colliding Beam (CB) Group, will be 
responsible for research on such topics 
as beam lifetimes, experimental 
backgrounds, low beta insertions, and 
similar other topics. The group is also 
responsible for the design and con­
struction of the experimental area in 
which the CDF is to be housed. Stan 
Ecklund is heading this new group. A 
second group, the Antiproton Cooling 
(AC) Group, is responsible for the con­
struction and use of the new cooling 
ring, of the reverse injection line 
between Booster and the Main Ring, 
and of the antiproton target to be 
located in that line. Don Young is 
Group Leader and Fred Mills is the As­
sociate Group Leader. 

J.H. Bannier / W. Gentner 

The CERN Council bade good-bye to 
two of its most distinguished, long­
standing members during the 
December session. J.H. Bannier left the 
Council as delegate from the 
Netherlands. W. Gentner left the 
Council as delegate from the Federal 
Republic of Germany. Both were 
amongst the small group, who, 25 
years ago, brought CERN from the 
realm of ambition to reality. Both have 
played important roles in the 
intervening years to ensure the 

3. 

1. Ed Knapp, Leader of the new Accelerator 
Technology Division at Los Alamos. 
2. J.H. Bannier, retiring CERN Council delegate 
from the Netherlands. 
3. W. Gentner, retiring CERN Council delegate 
from the Federal Republic of Germany. 

Organization's growth and success. 
Dr. Bannier served as Chairman of 

the Finance Committee from 1958-
1960 and he was the architect of the 
financial planning system, the 'Bannier 
procedure', which helps the 
Governments of the Member States 
and the CERN management in their 
long-term planning, by preparing 
budget figures for four years ahead. He 
was President of the Council from 
1964-1966 when the improvement 
programme for the existing facilities 
took shape and when the construction 
of the Intersecting Storage Rings was 
authorized. 

Professor Gentner was one of the 
early leaders at CERN itself heading 
the team which built the first 
accelerator — the 600 MeV synchro­
cyclotron. He played an important role 
in the development of the 
experimental programmes as Director 
of Research. He has long contributed 
to the work of the Scientific Policy 
Committee and was President of the 
Council from 1972-1974. 

To both of these devoted friends of 
CERN we express our gratitude and our 
best wishes for many full and happy 
years to come. 
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DISPLEX® cryogenic vacuum pumps offer 
the ultimate in clean vacuum because their 
cycles are completely closed, consuming 
nothing but electricity. DISPLEX pumps easily 
mate to existing chambers and pump all gases, 
with air pumping speeds from 1,100 to 18,000 L/s. 
And once-yearly maintenance is all thaf s 
recommended. 

For more information concerning laboratory 
cryogenic systems, write Air Products and 
Chemicals, Inc., Advanced Products Depart­
ment, Box 538, Allentown, PA 18105. Or call 
(215)398-8355. 

I0" 1 0 torr, clean and fast 
DISPLEX closed-cycle 

cryogenic vacuum pumps. 

CYROGENtC SYSTEMS 

I S A B E L L E 

NEW HIGH ENERGY 

PROTON-PROTON COLLIDING 

BEAM RESEARCH FACILITY 

OPPORTUNITIES FOR 
ACCELERATOR 
PHYSICISTS 

ALL AREAS 

Send resume to: 
James R. SanforcJT Project Head 

ISABELLE 
BROOKHAVEN NATIONAL LABORATORY 

Associated Universities, Inc. 
Upton, Long Island, New York 11973 

AN EQUAL OPPORTUNITY EMPLOYER M/F 

Designed to 
wash away 
damaging 
contaminants. 

Haws Model 7060-B 
with patented "Feather-Flo" heads 

Install Haws emergency eye/ face-wash fountains near 
every hazard. Push of the valve handle provides instant, 
gentle, pressure-control led water to float away 
contaminants without damaging delicate tissues. 
This equipment can help to eliminate potential permanent 
injuries. Write for free information and catalog. 

Haws International, 1439 Fourth St., 
Berkeley, California 94710, U.S.A. 

INTERNATIONAL 

Haws Emergency 
Equipment: Eye/Face-Wash 
Fountains • Drench Showers • 
Decontamination Stat ions • 
Laboratory Units • Freeze-
Proof Units 
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THIS TIME THE BEST "NIM MCA" COMES TO 
YOU FROM EUROPE 

3 di f ferent analysis modes: charge, ampl i tude, t ime analysis 

I N P U T UNIT M O D . 7 4 1 2 
C h a r g e 
Conversion gain: 0,25; 0,5, 
1 pc/channel 

V o l t a g e 

Input range: 0 -f 1 Volt or 20 mV • 
100 MHz clock rate 

T i m e 
Time resoulution: 100-200-
4 0 0 psec/channel 

M O D . 7 9 2 2 M C A 

• 1024 channels 
• multiple region of interest 

selection 
• spectra integration 
• crystal-controlled programmer 
• repeated analysis cycles 
• built-in interface for data-out 
• designed for easy 

interfacing to digital 
computers 

A V A I L A B L E F O R D E L I V E R Y S T A R T I N G 
F R O M APRIL 1 9 7 8 

For information, write to: 

SI LENA 
S I L E N A S .p .A . 
SOCIETA PER L'ELETTRONICA AVANZATA 
20133 Milano 
uffici: Via Negrol i , 10/A 
laboratorio: Via Negroli , 6 
Tel. (02) 7 4 9 0 5 6 5 - 7 1 3 8 7 1 

CERN enquir ies should be directed to 
SILENA, Milano, Italy 

NETHERLANDS 
BERTHOLD 
Nuclear Instrumentation 
Wilhelminastraat 4 
BREDA (Holland) 
Tel. 076-142441 

SWITZERLAND 
MASSINI AG 
Honggerstrasse 122 
8105 REGENSDORF/Ziirich (Switzerland) 
Tel. 01 /840 45 73 -Telex: 56832 

UNITED KINGDOM 
ALRAD INSTRUMENTS LTD. 
19a The Precinct, 
EGHAM, Surrey, TW20 9HN (England) 
Tel. EGHAM (078 43) 4887 - Telex: 934037 

CANADA 
CONSOLIDATED CYBERNETICS CONTROLS LIMITED 
Suite 2-A 
1509 Sherbrooke Street West 
MONTREAL 109, Quebec, Canada 
Tel. (514) 934-0000 - Telex: 05-24452 
Toronto office: 
CONSOLIDATED CYBERNETICS CONTROLS LIMITED 
777 Warden Avenue, 
SCARBOROUGH, Ont. M1L4C3 
Tel. (416)759-0000 

WEST GERMANY 
LABORATORIUM PROF. DR. BERTHOLD 
Calmbacher Strasse 22 
Postfach 160 
D-7547 WILDBAD-1 (West Germany) 
Tel. (07081) 3981-Telex: 0724019 

AUSTRIA 
BERTHOLD-ANALYTISCHE INSTRUMENTE 
Vertriebsgesellschaft m.b.H. 
Witzelsbergergasse 10/28 
A-1150 WIEN (Austria) 
Tel. 0222-927222 

BELGIUM 
B A I 
Benelux Analytical Instrumen 
Vaartdijk 22 
1800 VILVOORDE (Belgium) 
Telex: 61447 

FRANCE 
BERTHOLD-FRANCE s.a. 
68 bis, rue Sartoris 
B.P. 38 
92250 LA GARENNE-COLOMBES (France) 
Tel. 781-41 - 0 6 Telex: 611485 



choose your 
discriminators 

from a wide 
selection by LeCroy 
To m e e t c o n t i n u a l l y v a r y i n g d e m a n d s in 
e x p e r i m e n t a l p h y s i c s r e s e a r c h , L e C r o y 
c o n t i n u e s t o u p d a t e i t s d i s c r i m i n a t o r l i n e w i t h 
a d d i t i o n a l f e a t u r e s . T h i s p h i l o s o p h y 
a s s u r e s t h a t a l a r g e v a r i e t y o f i n s t r u m e n t s a r e 
a v a i l a b l e f o r u s e in y o u r p a r t i c u l a r a p p l i c a t i o n . 

T h e t a b l e b e l o w s u m m a r i z e s t h e b a s i c 
c h a r a c t e r i s t i c s o f L e C r o y ' s p r e s e n t g e n e r a t i o n o f 
d i s c r i m i n a t o r s . 

Model 
No. 

161L 

620BL 

620CL 

623 

621BL 

2623 

821 

826 

Pack­
age 

NIM 

NIM 

NIM 

NIM 

NIM 

CAMAC 

NIM 

NIM 

No of 

Channels Updating 

2 Yes 

8 No 

8 No 

8 Yes 

4 Yes 

8 Yes 

4 Yes 

6 No 

Threshold 
(mV) 

-30 to - 1000 
(common) 

Output 
Width 
(nsec) 

3-150 

5-20 

-30 to - 1000 
(common) 

5-20 

- 3 0 to - 1000 6-150 

- 3 0 to - 1000 5-1000 

- 3 0 to - 1000 6-150 

- 3 0 to - 1000 5-1000 

Dual level for 4-50 
low slewing 

No. of 
Outputs 

u n 
4 2 

3 0 

3 0 

3 0 

5 1 

3 0 

5 1 

3 0 

Veto 

Yes 

No 

Yes 

No 

No 

No 

Yes 

Yes 

Max. 
Rate 

(MHz) 

150 

100 

100 

100 

100 

100 

100 

100 

Summing 
Output 

No 

Yes 

No 

No 

No 

No 

No 

No 

Burst 
Guard 

Yes 

No 

No 

No 

Yes 

No 

Yes 

No 

Hi Z 
Bridged 

Input Required 
Option Voltages 

:12; ±24 Yes 

No 

No 

Yes* 

Yes* 

Yes* 

Yes* 

No 

t 6 ; ±12; 
- 2 4 

±6 ; ±12; 
- 2 4 

b6; ±12; 
- 2 4 

t6 ; ±12; 
- 2 4 

h6; ±12; 
- 2 4 

t6 ; ±12; 
- 2 4 

*Hi-impedance bridged inputs are available at the expense of one normal output. 

SEND FOR CATALOG 

Select the d i sc r im ina to r tha t 
spec i f i ca l l y f i t s your a p p l i c a t i o n . For 
more comp le te de ta i l s on these or 
o ther LeCroy i ns t rumen ts for pa r t i c le 
phys i cs or f us ion energy research , 
p lease wr i te or cal l your loca l LeCroy 
Sales Of f i ce or representa t ive . 

LeCroy 
RESEARCH SYSTEMS & 

NEW! 
Low-Slewing Hex 

MODEL 826 

• 6 channels in #1 NIM module 
• 100 MHz maximum rate 
• Variable threshold from 

- 10mV 
• Low slewing — minimizes 

risetime effects 
• Convenient Veto Input 

NEW! 
General-Purpose 
Quad MODEL 821 

' 4 inputs, each with 4 normal 
and 2 complementary 
outputs 

' 100 MHz maximum rate 
• Variable threshold from 

- 3 0 mV 
' NEW—Rate Lites™ 
for visual verification of 
phototube and discriminator 
operation 

• NEW—Veto Input 

HEADQUARTERS: LeCroy Research Systems Corp., 700 S. Main St., Spring Valley, N.Y. 10977 • (914) 425-2000 • TWX: 710-577-2832. 
FACILITIES IN: Geneva, Switzerland • Paris, France •• Heidelberg, Germany • Wheatley (Oxford), England. Representatives worldwide. 
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WUA I ; AB Bates 

La meilleure amelioration jamais 
faite sur le NORD-10 

NORD-10 a suscite une assez grande surprise lors de son Cette amelioration est significative, mais nous considerons 
lanc'ementunordmateurdetaillemoyenneavecdesfacilites comme plus important encore le fait que tout le logiciel 
depassant souvent celles des grandes machines! developpe depuis 5 ans sur le NORD-10 est executable sur 
LenouveauNORD-10/Sallieaux meilleures caractenstiques le NORD-10/S avec les nouvelles performances, et ce, sans 
du NORD-10 des performances nettement supeneures. AUCUNE MODIFICATION. 
Grace a de nouveaux composants electroniques et un Si vous avez un projet mformatique, laissez nous la chance 
logiciel optimise, le NORD-10/S off re une capacite de d'expliquer comment et pourquoi. 
traitement presque doublee — au MEME PRIX! 

••••••• 
+#+• 

Norsk Data 
64, rte de Meyrm 

01210 FERNEY VOLTAIRE 
Tel. (50)41-65-41 

N O R D - une alternative a etudier 
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The HELIFIER™helium 
liquefier will produce 3 to 20 liters 
of liquid helium per hour. Installa­
tion is simple and the unit operates 
virtually unattended. 

Adaptable to a variety of labora­
tory and operational uses, this 

system can be used in the liquefier 
or refrigerator mode, and it will 
cost you less than comparable 
systems. 

Our HELIFIER helium 
liquefier is designed for operation 
of at least 6,000 hours before 
service, and for variable speeds 
for fast cool down. 

The HELIFIER helium 
liquefier gives you efficiency, relia­
bility and built-in safety features 
at low life-cycle costs. 

For more information, just call 
or write Advanced Products 
Department, Air Products and 
Chemicals, Inc., Box 538, Allen-
town, PA 18105, U.S.A. 

Introducing Helifier, the affordable 
He liquefier that doesn't need a sitter. 

•Hi 

IS 
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J O H N BARRY G R O U P OF C O M P . 
A R T A R M O N , N .S .W. S Y D N E Y T E L : 439 69 55 
LEMOSA G E S . M. B. H. W I E N 
T E L : (02 22) 63 92 27 
C L O f l S S . P . R . L . 
O V E R I J S E / B R U S S E L T E L ; (02) 657 18 05 
KIMUD K A M U K A / S LYNGBY T E L : (01} 88 38 33 
OY CHESTER AB HELSINKI 51 T E L : 73 57 74 
JUPITER S . A . C O N S T R U C T I O N S E L E C T R I Q U E S 
PARIS T E L : (01) 705 39 68 
LEMOSA G M B H P U T Z B R U N N / M U N C H E N 
T E L : (089) 46 50 67 
APLAB A P P L I E D E L E C T R O N I C S P. LTD. 
B O M B A Y T E L : 39 48 00 

(T) RACOM E L E C T R O N I C S C O . LTD. 
TEL-AV IV T E L : 44 31 26 

CD LEMO ITALIA S. R. L MILAN T E L : (02) 738 18 91 
(J) K-K. CODIX TOKYO T E L : TOKYO 4 3 6 - 6 4 41/5 

GEVEKE E L E K T R O N I C A EN A U T O M A T I E BV 
. . A M S T E R D A M T E L : (020) 80 28 02 

vN • HENACO A / S O S L O 5 TEL.: (02) 22 41 50 
CD C R I S A B A R C E L O N A T E L : (03) 230 55 07 
CS) AB D . J . STORK 

S U N D B Y B E R G 1 T E L : (08) 28 92 15 
@ ) LEMO (U .K . ) LTD. W O R T H I N G / S U S S E X 

TEL.: (09 03) 20 46 51 
(USA) LEMO U . S . A . INC. B E R K E L E Y 

TEL.: 415 /548 -1966 
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high-
performance 
octal logic 
fan-out 
For m e d i u m - t o l a r g e - s c a l e ex­
pe r imen ts , LeCroy 's new Mode l 430 
Log ic Fan-Out prov ides the per fec t 
c o m p l e m e n t to t o d a y ' s h igh-per­
f o r m a n c e oc ta l d i s c r i m i n a t o r s . Th is 
c o m b i n a t i o n of fas t log ic g ives max­
i m u m f lex ib i l i t y for h o d o s c o p e log ic 
and event t r igger gene ra t i on for to ta l 
a b s o r p t i o n c a l o r i m e t e r s , t ime-o f -
f l i gh t , and o ther s y s t e m s . It p rov ides : 

• 8 independent channels, each generating 
3 normal outputs for coincidence, count­
ing, or gating applications, and 1 inverted 
output for veto or complementary logic. 

• 150 MHz, direct-coupled operation, elimi­
nating dependence upon amplitude or 
rate. 

• 2.5 nsec stage delays, minimizing logic 
propagation time and the requirement for 
compensating cables. 

• Accurate restandardization of input 
signals; output durations are equal to in­
put durations. 

• High packaging density, allowing up to 
96 channels (384 outputs) to be powered 
from one NIM bin. ' 

For c o m p l e t e t echn i ca l da ta and pric­
ing i n f o r m a t i o n on the Mode l 430, ca l l 
or w r i t e your local LeCroy Sales Of­
f i ce . 

LeCroy 
RESEARCH SYSTEMS SA 
EUROPEAN PRODUCTS DIVISION 

HEADQUARTERS: 
81 avenue Louis Casai, 1216 Cointrin-Geneva, Switzerland 
Telephone: (022) 34 39 23 • Telex: 28230 
Facilities in: Spring Valley, N.Y., U.S.A. • Paris, France • Heidelberg, Germany 
Wheatley (Oxford), England. Representatives worldwide. 

PEARSON 
Very High Voltage 

PULSE 

T R A N S F O R M E R S 
Pearson Electronics, Inc. specializes in the 

development, design, and manufacture of 

ve ry -h igh and s u p e r - h i g h - v o l t a g e , h igh-

power pulse t ransformers and related modu­

lator components. Typical pulse t ransform­

ers manufactured by Pearson Electronics, 

Inc. range in output voltage f rom 40 kV to 

600 kV. Other Pearson p u l s e - m o d u l a t o r 

components include precision current trans­

formers, voltage dividers, and charging in­

ductors. Inquir ies regarding specif ic require­

ments for these components are welcomed. 

PEARSON ELECTRONICS, INC. 
4007 Transport St., Palo Alto, CA 94303, U.S.A. 

Telephone (415) 494-6444 

^ S ^ M e t a r e g 

A g e n c e : 

M o n t a g e industr ie l 

Insta l la t ion 

Trans fe r t 

Entre t ien 

Levage 

1 3 , c h e m i n d u L e v a n t 

0 1 2 1 0 F E R N E Y - V O L T A I R E 

T e l . ( 5 0 ) 4 1 3 1 3 3 

S i e g e s o c i a l : 1 5 , a v e n u e D e s c a r t e s 

9 2 3 5 0 L E P L E S S I S - R O B I N S O N 

T e l . 6 3 0 2 2 3 8 

T e l e x 2 5 0 9 4 9 p l r o b 
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grace a 
Prog 

des recherches et ents intensifs 

Frequencemetres universels serie 2710/11 
pilotes par microprocesseurs 
N o u v e l l e g e n e r a t i o n de f r e q u e n c e m e t r e s a la f o i s per -
f o r m a n t s et s imp les d ' e m p l o i . 

P lages de f r e q u e n c e 1 2 0 , 5 2 0 et 1 2 5 0 M H z • 
m e s u r e s e f f ec tuees par la m e t h o d e rec i p roque • 
p e r i o d e m e t r e et c h r o n o m e t r e avec reso lu t i on 1 0 ns • 
m e s u r e de phase de 0 ,5 Hz a 1 M H z avec reso lu t i on 
0 . 1 ° • t ro i s osc i l l a teu rs de re fe rence • i n te r face 
s y s t e m e (IEC) pou r p r o g r a m m a t i o n et t r a i t e m e n t des 
i n f o r m a t i o n s 

T I I T f # N 

Systeme d'acquisition de donnees 3430 
alimente par reseau ou batterie 

C o m p a c t e t f a c i l e m e n t p o r t a b l e • 3 0 en t rees ana lo -
g i ques / 2 0 en t rees d i g i t a l es • l i nea r i sa t i on pou r 7 
t y p e s de t h e r m o c o u p l e s • d e t e c t i o n de l im i tes et e n -
r e g i s t r e m e n t des canaux en a l a r m e • p e r i p h e r i q u e 
i n c o r p o r e ou ex te r i eu r • p r ix i m b a t t a b l e 

Deux voltmetres inhabituels avec traite­
ment «on line» des valeurs mesurees 
De n o u v e a u x ho r i zons s ' o u v r e n t g race aux n o u v e a u x 
v o l t m e t r e s a m i c r o p r o c e s s e u r m o d e l e s 7 0 5 5 et 7 0 6 5 . 
Ou t re les f o n c t i o n s v o l t m e t r e s - o h m m e t r e s , p rec ises 
et rap ides , ces appa re i l s p e r m e t t e n t le t r a i t e m e n t 
«on l ine» de 8 p r o g r a m m e s et 16 p r e s e n t a t i o n s des 
resu l ta t s 
• 3 f o n c t i o n s de m e s u r e DC, A C , O h m 
• l o n g u e u r d 'eche l l e a c h o i x (3 x 9 a 6 x 9) 
• hau te p rec i s ion et l i near i te 
• 4 3 mesu res / sec avec a f f i c h a g e 5 x 9 
• 4 i n te r faces : b ina i re , BCD, RS 2 3 2 , IEC 
• e t en p lus , un c h o i x i n c o m p a r a b l e de t r a i t e m e n t s 

de I ' i n f o rma t i on te ls q u e : 
m u l t i p l i c a t i o n / d i v i s i o n • % de d e v i a t i o n o f f se t • 
q u o t i e n t • m a x i m a / m i n i m a • l im i t es • s ta t i s t i ques 
• t e m p e r a t u r e s • h o r l o g e n u m e r i q u e , e tc . 

Pour en connaTtre d a v a n t a g e sur ces appa re i l s e u r o -
peens , d e m a n d e z - n o u s une d e m o n s t r a t i o n ou r e n v o i 
d ' u n e d o c u m e n t a t i o n de ta i l l ee . 

Schlumberger 
Schlumberger Messgerate AG 

8 0 4 0 Z u r i c h , Badeners t rasse 3 3 3 , Te le fon 0 1 / 5 2 8 8 8 0 1007 Lausanne, 16 c h e m i n d u Reposo i r , t e l e p h o n e 0 2 1 / 2 7 7 7 1 8 



MultichannelHigh Voltage System 
IME OSOO SERIES 

• J f c For use w i t h l a rge p h o t o - m u l t i p l i e r 
d e t e c t o r a r r a y s a n d w i r e c h a m b e r s . 

Hlfc E c o n o m i c a l 

^ Easi ly s e r v i c e d 

Hj£ M a n u a l c o n t r o l o f e a c h c h a n n e l o r e x t e r n a l 
c o n t r o l b y T e l e t y p e or c o m p u t e r c o n t r o l v ia C A M A C 

NE 4803 PHOTOMULTIPL IER H V 

Outputs Up to 32 per crate 
Vol tage 300V to 3kV negative (positive 
optional) 
Current 0 to 2mA average per channel, 3mA max 
Stabil i ty 0.1 % for line and temperature, range 
0 ° C t o + 5 0 ° C 
Ripp le<0 .5V peak to peak at 2mA 
Protect ion Protected against short circuits on 
output 
Overload Common overload line activated when 
any channel is overloaded 
H V Moni tor ing From rear panel connector on 
common analogue line. Ratio 1V/1kV 
Packaging 3 'u ' high rack containing 16 cards 
each wi th 2 individual outputs 

NE 4802 H V CONTROL M O D U L E 
Common to PM and wire chamber systems. 
Al lows local control of any of the HV channels in 
the associated crate. 
Control Range 0 to 6999V 
Resolution ±0.5V 
Up/ D o w n 3 toggle controls provide voltage 
increment/decrement f rom single step to 200V/s . 
Moni tor 1V/kV tr immable to 0.05% at a specific 
voltage 
Take D o w n Range 0 to 2500V set by f ront panel 
control (common to all channels) 
M a x i m u m Vol tage Range 1 kV to 7kV set by 
front panel control (common to all channels) 
Data Bus Serial duplex, 20mA current loops. 
The control signals are based on the ASC11 code 
al lowing remote control of any channel (256 per 
remote controller output) using either a remote 
Camac controller or a Teletypewriter (or similar) 
terminal. 

0 0 W N 

mommu 

MAW 
t&Kl 0 O W M ¥ O i f S 

VOITS 

Outputs 16 per crate 
Vol tage 2.5kV to 7kV negative (positive optional) 
Current 0 to 0.7mA 
Stabil i ty 0.1 % for line and temperature, range 
0 ° C t o + 5 0 ° C 
Ripple <1V peak to peak at 0.5mA 
Overshoot < 50 V 
Protect ion Protected against short circuit on 
output 
Current l imit Presettable for each channel 10/uA 
to 7 0 % A 
Overload a larm Common overload line activated 
when any one channel goes into current limit 
H V Current Moni tor ing From rear panel 
connector on common analogue line. Ratio 
1V /1kVor1V/100MA 
M e t e r Indicat ion Meter indicates voltage or 
current for each channel 

Typical system: NE 4801 Crate and Low 
Voltage, NE 4 8 0 2 Control , NE 4 8 0 3 
PM cards X16 = 32 channels, or 
NE 4 8 0 4 wire chamber cards X16 = 16 
channels 

R e q u e s t f u l l d e t a i l s a n d n e w N I M C a t a l o g u e f r o m : 

IM.E. NUCLEAR ENTERPRISES S.A. 
25 Chemin Francois-Lehmann, 1218 Grand Saconnex, Geneve Tel. (022) 98 16 61/62. Telex 289066. 

Nuclear Enterprises Ltd. Nuclear Enterprises GmbH Nuclear Enterprises Inc. 
Sight h i 11, Edinburgh Eh 11 4 E Y , Schwanthlerstrasse 7 4 8 Munchen 2 9 3 1 Terminal Way, San Carlos, 
Scotland. Tel. 031-4434060Telex72333 Germany Telephone 53-62-23 California 94070, USA 

Cables Nuclear, Edinburgh. Telex 529938. Tel: 41 5 592 8663 Telex 348371 
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b e s i d e s o u r g e n e r a l c a t a l o g 7 7 - 7 8 

n o w a l s o a v a i l a b l e s p e c i a l i z e d b o o k l e t s 

1 v i a l s a n d c l o s u r e s 2 p r o t e i n d i g e s t 

PIERCE EUROCHEMIE B.V. 
P.O.BOX 1151-ROTTERDAM, THE NETHERLANDS 
PHONE 01860-4822 - TELEX 21676 

Yes, I like to receive f r e e o f c h a r g e : 

| | vials and c losures Q prote in d i g e s t 

NAME 

COMPANY/INSTITUTE . 

DEPARTMENT 

ADDRESS 

CITY-CODE 

COUNTRY 

Stratifie presse Tubes en mate­
rial! Hp et Hgw 

N o u s p r o d u i s o n s 
e n t r e a u t r e s : 

# C a d r e s 
p o u r c h a m b r e s 
a p a r t i c u l e s 

# C h a m b r e s 
d e c o u p u r e 

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

# T u b e s , r o n d s , 
m e p l a t s , p l a q u e s 
s e l o n n o r m e s D I N , 
N E M A , e t c . 

# F o r m e s 
e t d i m e n s i o n s 
s t a n d a r d o u s e l o n 
d e s s i n 

isovolta 
Osterre ich ische 
Iso l iers to f fwerke 
Ak t iengese l l scha f t 

Materiel de base 
pour circuits 
imprimes 

Isolant flexible 

Materiel isolant 
pour encoche 

Fibre de verre 
bakelise 

W. Moor SA 
Mater ie l e lec t r ique et e lec t ron ique 

1 0 2 3 Crissier-Lausanne 
3, avenue des Cerisiers 
Tel . 0 2 1 / 3 5 5 4 4 4 - Telex 2 5 3 6 0 

INORBIT. 

. . . o r m o r e d o w n t o e a r t h 
Nickel foil from Goodfellow Metals has been used 

in the satellite illustrated a s an electrostatic screen 
to protect critical parts of the camera electronics from 
electrical mterference.This joint NASA, ESA, SRC 
International Ultraviolet Explorer satellite is 
scheduled for launching in 1977. This is just one 
example of the wide variety of applications for our 
F O I L S , W I R E S , R O D S , P O W D E R S , a n d T U B E S . 
O u r r a n g e s ta r t s a t 0 . 0 0 0 1 m m . 

Ask for our new catalogue-a mine of information 
on metals for research. Every item listed is available for 
i m m e d i a t e d e s p a t c h a n y w h e r e in t h e w o r l d . 

Goodfellow Metals Ltd. Cambridge Science Park 
Milton Road Cambridge CB44DJ England 

Telephone Cambridge (0223) 69671 
Telex 

81683 GoodmtG I |f] GOODFELLOW 
•U METALS 

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

40 



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

5 c m 
OR 
T T L 

C O U N T 
I N P U T 

I N H I B I T 

o 
o 
o 
o 

o 

M 

m 

H 

C L E A R C^> 

o 
C O U N T / 
I N P U T \ E^> 

I N H I B I T C >̂ 

i»1 

I N H I B 

R E C Y C L E ^ 

CLOCK B 

T T L 
PULSE 

O U T P U T 

3 6 1 0 

6 - C h a n n e l , 5 0 M H z C o u n t e r 

• Six independent 24 -b i t coun te rs 

• Coun te r inputs are 50 o h m te rm ina ted or T T L 
(strap selected) 

• I npu t pulse rate f r o m DC t o 5 0 M H z 

• Independent clear by c o m m a n d f o r each coun te r 

• L A M status bits set on o v e r f l o w 

3 6 4 0 

4 - C h a n n e l , U p - D o w n P r e s e t t a b l e C o u n t e r 

• Fou r i ndependen t 16-b i t u p - d o w n counters 

• Separate u p / d o w n inpu ts f o r each channel 

• Coun te r inpu ts are T T L 

• I n p u t pulse rate f r o m DC t o 20 M H z 

• L A M status bi ts set o n u n d e r f l o w and o v e r f l o w 

3 6 1 5 

6 - C h a n n e l , 1 0 0 M H z C o u n t e r 

• Six independent 24 -b i t coun te rs 

• Coun te r inputs are 50 o h m t e r m i n a t e d 

• I n p u t pulse rate f r o m DC t o 100 M H z 

• Independent clear by c o m m a n d fo r each coun te r 

• L A M status bi ts set on o v e r f l o w 

3 6 5 5 

8 - C h a n n e l T i m i n g Pulse G e n e r a t o r 

• E ight i ndependen t pulse o u t p u t s 

• Inc ludes eight 16-bi t set p o i n t registers 

• Operates f r o m in ternal or ex terna l c lock 

• Con t ro l s Da taway I n h i b i t t o prov ide t i m i n g 
w i n d o w f o r counters such as the 3 6 1 0 or 3 6 1 5 

• L A M status b i t set by each pulse o u t p u t 

Please contac t us for additional information 

Kinetic Systems International S.A. 

the 
[CAMAC] 

people 

D e p t . C C 1 8 * 6 C h e m i n d e T a v e r n a y * 1 2 1 8 G e n e v a , S w i t z e r l a n d * T e l . ( 0 2 2 ) 9 8 4 4 4 5 * T e l e x 2 8 9 6 2 2 

K i n e t i c S y s t e m s C o r p o r a t i o n * 11 M a r y k n o l l Dr ive * L o c k p o r t , I l l ino is 6 0 4 4 1 * Te l . 815 838 0 0 0 5 * T W X 910 638 2831 
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Part of an 8.4 MW HV DC Power Supply which HIPOTRONICS recently delivered to Oak Ridge National 
Laboratories for continued research in Nuclear Fusion! 
When the requirements got tough 
Hipotronics got the call. Oak Ridge 
needed 1 6 8 kilovolts at 5 0 Amps for 
the next phase of development of 
their Fusion Reactor. So they turned 
to Hipotronics, the leader in high volt­
age technology. They got exactly 
what they wanted, a well regulated 
high power supply that is rugged 
enough to withstand repeated crow­
bar shorts with no damage to the 
power supply. 
Innovative design approaches are 
everyday occurrences at Hipotronics 
We design, manufacture and fabri­
cate every important component 
and our facilities are the largest and 
finest in the industry. That allows us 
the flexibility to meet the most de­
manding specif ications and condi­
tions of high technology programs 
such as Neutral Beam Injectors and 
High Power Lasers. 

Hipotronics has also manufactured a 
wide range of high voltage power 
supplies for other applications: 
• Capacitor Bank Charging 
• Klystron Tubes 
• Travelling Wave Tubes 
• High Powered Lasers 
• Accelerators 
Whatever your requirements, pulsed 
or continuous duty, brute force or 
finely regulated, call us. 

Remember — 
HIPOTRONICS DELIVERS! 

J 

H I P O T R O N I C S , INC. 
P.O. Drawer A, Brewster, NY 1 0 5 0 9 

( 9 1 4 ) 2 7 9 - 8 0 3 1 Twx 7 1 0 - 5 7 4 - 2 4 2 0 

Amex Symbol: HIP 



Eliminate ADC deadt imes and organize your data in to b lock t rans fe rs 

The new Borer Camac Type 1302 ADC Buffer/Interface: 

a c c e p t s f a s t b u t r a n d o m 16 -b i t < 
access time is less than 200ns 

• h a s t w o b u f f e r s o f 256 w o r d s e a c h 
alternating overwrite/read-out provides unlimited capacity 

• a s y n c h r o n o u s o v e r w r i t e w h i l s t r e a d i n g i n D M A 
provides deadtime-free access in true handshake mode 

• c a n c o r r e l a t e s e v e r a l m o d u l e s 
data is only accepted when in coincidence in all channels 

• c h e c k s d a t a a g a i n s t d i g i t a l l i m i t 
13-bit data + 7 parameters (3-bit code) 

b o r e r 
4500 SOLOTHURN 2 SWITZERLAND 
te l : 065/31 11 31 telex: 34228 

D i a m o n d T o o l s f o r a l l p u r p o s e s 
O u r s p e c i a l i t y 
D i a m o n d tu rn ing and mi l l ing too l s for non - fe r rous metals 
and plast ics 

O t h e r p r o d u c t s 

Specia l d i a m o n d too ls for the w a t c h and j ewe l r y industr ies 
D i a m o n d - t i p p e d dressing too ls 
Hardness testers 
Glass cut ters and d i a m o n d scr ibers 
Cus tom-des igned too ls 
T o o l - b i t repo l ish ing w o r k 
Precise, t o p - q u a l i t y w o r k . First-c lass references 

V O E G E L I & W I R Z L T D 
D i a m o n d c u t t i n g a n d lapp ing w o r k s 
P h o n e : 0 3 2 / 4 1 21 81 

C H - 2 5 0 2 B i e n n e / B i e l 
Gurzelenstr . 16 

N e w . . . from the 
Low Light Level Specialists 

CATALOG 
INCLUDING MORE THAN 
60 PHOTOMULTIPLIER 
TUBE HOUSINGS, 
COOLING SYSTEMS 
AND ACCESSORIES 

Call (617) 774-3250 or write: 

Products for Research, Inc. 
78 HOLTEN ST., DAN VERS, MA 01923 
CABLE: FHOTOCOOL TELEX: 94-0287 
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• N E T 
Un groupe de niveau europeen 
dans 
la prestation de services 
Nettoyage industriel 
Nettoyage d'ateliers, bureaux, laboratoires, cliniques 
Hygiene, disinfection, desinsectisation, deratisation 
Manutehtions 

Office nouveau du nettoyage ONET 
13008-MARSEILLE 
75-PARIS 
GENEVE 
74-ANNECY 
01 -SAINT-GENIS 

12 bis, boulevard Pebre 
4 et 6, rue du Buisson - Saint-Louis 
55/57, rue Prevost-Martin 
6, avenue de Mandallaz 
Route de Gex - zi BP 25 

tel. 762850 
Xe tel. (1) 20815 57 

tel. (022) 206848 
tel. (50) 514641 
tel. (50) 419133 

Fournisseur du CERN a Geneve, du CEA a Marcoule, Pierrelatte, Cadarache, 
La Hague, de I'ONU et de I'UIT a Geneve. 

O u r r e c e n t l y i n t r o d u c e d A 1 5 0 p o w e r a m p l i f i e r m a y 
b e j u s t r i g h t f o r y o u r e x a c t i n g n e e d s o f rf d r i v e p o w e r . 
C o v e r i n g t h e f r e q u e n c y r a n g e f r o m 0 . 3 - 3 5 M H z w i t h 
5 0 d B g a i n t h e A 1 5 0 p r o d u c e s 1 5 0 w a t t s o f l i n e a r 
C l a s s A p o w e r . If d i s t o r t i o n is u n i m p o r t a n t t h e A 1 5 0 
w i l l d e l i v e r u p t o 2 5 0 w a t t s o f C W a n d p u l s e p o w e r . 

Broadband 
r.f. power.. 

B u t . . . 
.by ENI 

If y o u r r e q u i r e m e n t is b e y o n d t h e c a p a b i l i t y o f t h e 
A 1 5 0 m a y b e a n o t h e r a m p l i f i e r f r o m o u r w i d e 
c a t a l o g u e w o u l d b e m o r e s u i t a b l e . H e r e is j u s t a b r i e f 
s e l e c t i o n 
M o d e l 2 4 0 L 2 0 K H z - 1 0 M H z 4 0 W a t t s 
M o d e l 3 1 0 0 L 2 5 0 K H z - 1 0 5 M H z 1 0 0 W a t t s 
M o d e l 4 4 0 L A 1 5 0 K H z - 3 0 0 M H z 3 5 W a t t s 
M o d e l 5 0 3 L 2 - 5 1 0 M H z 3 W a t t s 
A l l ENI a m p l i f i e r s a re f u l l y p r o t e c t e d a g a i n s t l o a d 
m i s m a t c h a n d w i l l d e l i v e r c o n s t a n t f o r w a r d p o w e r 
r e g a r d l e s s o f l o a d i m p e d a n c e . 

For m o r e d a t a c o n t a c t y o u r l o c a l 
R e p r e s e n t a t i v e or d i r e c t t o E N L 

Tel . 

3 0 0 0 W I N T O N ROAD SOUTH 
ROCHESTER, N E W YORK 1 4 6 2 3 

7 1 6 - 4 7 3 - 7 3 3 0 ; Telex 9 7 - 8 2 8 3 ENI ROC 

g ^ r m m POWER 
C T I I f f : SYSTEMS, LTD. 

2 3 OLD PARK ROAD, HITCHIN, HERTFORDSHIRE 
SG5 2 J S ENGLAND 

Tel . : ( 0 4 6 2 ) 51 71 1 ; Telex: 8 2 5 1 5 3 ENI UK G 
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PULSE HANDLING SYSTEM 

IN 

CAMAC 
DUAL PROGRAMMABLE 

ATTENUATOR 
2 PA 2049 

NUMBER OF CHANNELS 2 

INPUT 
50 n , L E M O OO c o n n e c t o r s . 

REFLECTION 
< 6 % w i t h t r = 1 n s 

RANGE 
O d b t o 3 1 . 5 d b i n i n c r e m e n t s o f 
0 , 5 d b + 0 . 5 d b o f i n t e r n a l 
a t t e n u a t i o n 

SWITCHING TIME 3 . 5 m s 

DELAY 

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

CAMAC FUNCTIONS per c h a n n e l : 
R e a d , W r i t e , B u s y / D o n e c h e c k i n g 
L A M t e s t i n g , d i s a b l i n g a n d c l e a r i n g 

POWER + 6 V 5 0 0 m A 
+ 2 4 V 0 - 2 4 0 m A 

DUAL PROGRAMMABLE 
DELAY UNIT 
2PD 2048 

NUMBER OF CHANNELS 2 

INPUT 
5 0 n, L E M O O O c o n n e c t o r s 

REFLECTION 
< 6 % w i t h t r = 1 n s . 

RANGE 
0 t o 3 1 ' , 5 n s i n i n c r e m e n t s o f 
0 . 5 n s + 6 . 5 n s o f i n t e r n a l d e l a y 
a n d e x t e r n a l d e l a y . 

SWITCHING TIME 3 . 5 m s 

ATTENUATION < r i 0 % 

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

CAMAC FUNCTIONS p e r c h a n n e l : 
R e a d , W r i t e , B u s y / b o n e c h e c k i n g 
L A M t e s t i n g , d i s a b l i n g a n d c l e a r i n g 

POWER + 6 V 5 0 0 m A 
+ 2 4 V 0 - 2 4 0 m A 

ltt:Al fRtlV,? OHM 

eei 
8 L to Mho 

0p 
tarn*? 

4 

• S 6 n s 

c 

X 

1 

1 • 50 Ohms 

£s t s r s» f 

• 3.5 ns | § | 

intern*} 
1 # 

us 

^6 

WIDE-BAND 
ROUTER 

WBR 2073 

NUMBER OF CHANNELS 12 

INPUT 
5 0 - T \ , L E M O O O c o n n e c t o r s 

REFLECT/ON 
< S % w i t h t r = 1 n s 

SWITCHING TIME 3 . 5 m s 

ATTENUATION 

DELAY 2. 5 n s 

CHANNEL SELECT/ON MODE 
- s i n g l e c h a n n e l a d d r e s s i n g 
- a u t o m a t i c s c a n n i n g 
- a u t o m a t i c s k i p o f u n u s e d 

c h a n n e l s 

CAMAC FUNCTIONS 
s e l e c t a c h a n n e l , B u s y D o n e c h e c 
k i n g , L A M t e s t i n g a n d c l e a r i n g , 
s c a n n i n g m a t r i x l o a d i n g , a u t o -
' s c a n n i n g - j C l e a r i n g 

POWER + 6 V 7 0 0 m A 
+ 2 4 V 8 0 m A 

Wim 8AU§ 
mmm 

I I I 

0€| 

Hi 

€1 

b8 Ohm* 
f a?Sek f 

France: ORTEC Sari; 7, rue des Solets; Tel. (1) 687 25 71 - Tlx 202553F, F - 94 - RUNGIS - Germany: SEN ELEKTRONIK GmbH 
Postfach 223; Tel. 04 103 62 82 - Tlx 2189 548d 7 D - 2000 - WEDEL - DIDAS Digital Data System; Radspielstrasse 8, 
Tel. 089 91 67 10 - Tlx 529 167d - D - 8000 MUENCHEN 81 - Switzerland: SEN ELECTRONIQUE SA.; CP 39, 
Tel. (022)44 29 40 - Tlx 23359ch - CH - 1211 GENEVE 13 - SEN ELEKTRONIK AG; Austrasse 4 ; Tel. (01) 945 51 03 
Tlx 58257ch - CH - 8604 VOLKETSWIL - United Kingdom: SEN ELECTRONICS LTD; London Street; Chertsey;Tel 
9328.66744 - GB - KT168AP SURREY. - OFFICES THROUGHOUT THE WORLD. 
Headquarters: SEN ELECTRONIQUE S.A.; Avenue Ernest Pictet 3 1 ; Tel (022) 44 29 40 - Tlx 23359ch - CH 1211 GENEVE 13. E L E C T R O N I Q U E 
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V G O S S E N 

INSTRUMENTS POUR LA TECHNIQUE 
DES PROCEDES INDUSTRIELS 

CONVERTISSEUR DE MESURE 

P o u r d e s d o n n e e s 
e l e c t r i q u e s e t n o n e l e c -
t r i q u e s t e l l e s q u e c o u -
rant , t e n s i o n , p u i s s a n c e , 
c o s . (p, f r e q u e n c e , 
t e m p e r a t u r e , n o m b r e 
d e r e v o l u t i o n s 

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

PERIPHERIE 

- I n s t r u m e n t s e n c a s t r e s , 
d i m e n s i o n s s e l o n DIN 4 3 7 0 0 
a v e c e c h e l l e q u a d r a n g u l a i r e , 
p r o f i l e e e t c i r c u l a i r e 

- i n s t r u m e n t s a p a n n e a u d ig i ta l 
- I n s t r u m e n t s a v e c i n d e x 

r e g l a b l e 
- Re la i s e l e c t r o n i q u e s d e 

m e s u r e 
- R e g u l a t e u r a 2 e t 3 p o i n t s 

S e r v i c e e t l i v ra i son r a p i d e s 

APPAREILS DE MESURE 
ET DE TEST 

M E S S U M F O R M E R - T E S T E R 
M U - T 

C o m b i n a i s o n d ' i n s t r u m e n t d e 
l e c t u r e e t d e s o u r c e p o u r 
m A = e t m V = a v e c 
l e c t u r e d i g i t a l e 

A u t r e s a p p a r e i l s : 

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

Specialiste des composants 
pour le VIDE et I'ULTRAVIDE 
bases sur les soudures verre-metal 

fejverelec 
vous propose 

' N 

' «o«e 1 

\ caW\o««« / 

PASSAGES BASSE TENSION 
connecteurs JAEGER 1,5 KV/5A 
hublots 
d'observation 
passages de 
thermocouples 
raccords 
tubulaires 

N I V E A U Z E R O 

S T A N D A R D 

A M A G N E T I Q U E S 

passages de 
courant 

R I G I D E S 

S O U P L E S 

En outre, notre activite ne se limite pas au 
materiel presente ici, une equipe de techni-
ciens se tient a votre entiere disposition 
pour etudier toute realisation sur plan ou 
toute modification du materiel standard. 

The latest techniches are used. 
Also we guarantee a perfect nightness. 
All our production is tested with helium. 
In addition our activity is not limited to the 
material presented here, a team of techni­
cians is at your entire disposal for studying 
any work from drawing or any modification 
of standard equipment. 

vere lec 
91, av. de Villeneuvd-Saint-Georges - 94600 Choisy-le-Roi-t( 

Industriel Zodiac 
ZODIAC, un engineering dynamique et audacieux. La technique du 
souple et du gonflable progresse tous les jours. En voici quelques 
exemples: 
Les g a z o m e t r e s : Anti-pollution. A recuperation d'energie. A 
accumulation. 
Les abr is soup les (tentes): De 20, 40 ou 60 m 2 , ils sont reelle-
ment polyvalents: ateliers, infirmeries de campagne, unites de 
stockage ou de decontamination... Partout ou il y a mobilite ou 
urgence, leur rapidite de montage, de demontage et leur effi-
cacite facilitent les operations. 
Les m e m b r a n e s s o u p l e s : Membranes d'expansion ou de dila­
tation, utilisees dans les domaines chimique, medical, agro-
alimentaire, etc. 
Quelles que soient sa nature et sa destination, une realisation 
industrielle ZODIAC est, de par sa signature meme, une garantie 
de fiabilite, de serieux, d'endurance. N'est pas ZODIAC qui veut. 

Pour d o c u m e n t a t i o n 
e t r e n s e i g n e m e n t s : 

D e c o u p e r e t r e n v o y e r a : 
M e s s i e u r s A l a i n Le tess ie r 

e t T h i e r r y d e G a r i l h e 

VA 
ZODIAC 

Norn : 

ZODIAC Departement des marches speciaux. 
6 1 , quai Carnot 9 2 2 1 0 Saint-Cloud France. 

Telex: 270569F . Tel.: 602.00.20. 

Societe: 

Fonction: 

Adresse:. 

U L R I C H M A T T E R S . A . , 5 6 1 0 W O H L E N 

Instruments e lec t r iques de mesure 
Te lephone (057) 614 5 4 / 6 2 8 3 4 
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LE TUBE A BALAYAGE DE FENTE XX1370 
P E R M E T SEUL DE LE VISUALISER 
En effet, 3 fonctions ont pu etre rassemblees en un 
seul tube : 
- obturation rapide dans le domaine de la nanoseconde 
- deviation electrostatique d'image electronique 
- intensification d'image pargalette de microcanaux. 
Cette addition etant le fruit de I'experience acquise 
par R.T.C. pour la fabrication des families de produits 
suivants: 
- photomultiplicateurs, toute la gamme : des applications 

NOS CENTRES INDUSTRIELS : DES TECHNOLOGIES DE POINTE. 

R.T.C. LA RADIOTECHNIQUE-COMPELEC 130, av. Ledru-Rollin, 75540 PARIS CEDEX 11, tel. 355.44.99 

industrielles, medicales, jusqu'a la 
recherche avancee 
- tubes a rayons cathodiques: plus de 20 
types, du continu jusqu'a 5 GHz 
- intensificateurs d'image : de premiere 
et deuxieme generation a renversement 
d'image ou focalisation de proximite 
- obturateurs d'image : en domaine X, UV, 
Visible, IR. 
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Stesalit resolves your 
individual problems 
in fiberglass 
construction 
- for science 
and advanced technic. 
Frames for 
proportional chambers 
spark chambers 
drift chambers 
coasting boxes for Cerenkov counters 
space research 
and medical assistance. 

S t e s a l i t A G 
K u n s t s t o f f w e r k 
C H - 4 2 4 9 Z u l l w i l S O 
T e l e f o n 0 6 1 8 0 0 6 0 1 
T e l e x 6 3 1 8 2 

# N > * F # T • • 

Give y o u r s e l f p e a c e o f m i n d . 
With our fully automatic ionization gauge controller. It 

does the work right every time. Should you trust your vac­
uum process to controllers that offer less performance? 

Using our controller your systems cycle the same way 
every time. After programming, no one needs to touch or 
even look at the Series 270 controller as your systems go 
through production cycles. 

You get electronic autoranging that responds rapidly to 
pressure bursts. That means you avoid unnecessary sys-
FOR SALES AND SERVICE CONTACT: 
France: V.M.D.I. Le Vide Moleculaire, Dans L'lndustrie, 11 , Rue De La Vil iette, 
75019 Paris, France, Telephone: 205-26-80, Telex: 280 823/500 ITSER • Italy: 
G. Gambetti Kenologia, 201 22 Milano, Via Lamarmora 33, Milan, Italy, Telephone: 
54.66.982, 54.66.986, Telex: 843-32250, Cable: TECNOTORR • Netherlands: 
Intechmij B.V., Lip Van De Landre and Glinderman Groep, Postbus 8068, Hoogkar-
spelstraat 68, Den Haag, Hol land, Telephone: 070-251212, Telex: 31216 • Bel­
g ium/Luxembourg: Landre-lntechmij N.V., Lange Leemstraat 383, 2000 Antwerp, 
Belgium, Telephone: 0 3 1 - 3 0 3 2 7 3 / 3 0 3 2 7 8 , Telex: 3 5 2 6 4 Landre-B • Sweden, 
Norway, and Finland: Vacuumservice, a.b., P.O. Box 421 37, S-126 1 2 Stockholm 
42, Sweden, Telephone: 08-744-29-85, Telex: 116 95 Vacserv S, Cable: Vacuum-
service Stockholm • Switzerland, Liechtenstein, and Austria: U. Grazer Vakuum-
technik, Neumuhlequai 6, 8001 Zurich, Switzerland, Telephone: 01 47 1588, Tel­
ex: 58933 • United Kingdom/Ireland: Kratos Ltd./A.E.I. Scientif ic Apparatus, Bar­
ton Dock Road-Urmston, Manchester M31 2LD, England, Telephone: 061-876 
4466 Ext., Telex: 668482 Kratos G., Cable: Sciapp Manchester • West Germany: 
Vivod/Physik-Technik, Augustenstrasse 27, 8000 MiJnchen 2, West Germany, 
Telephone: (089) 521002, Telex: 524687 Vivod D • 

tern shutdowns that can be caused by mechanical range 
changing mechanisms. 

Service problems can be easily corrected. All circuit com­
ponents, including all switches, are mounted on two printed 
circuit boards that can easily be changed without any sol­
dering operations. 

These are some of the advantages of our Series 270 Con­
troller. It can make your vacuum processing easier, more re­
liable, and give you peace of mind. 

Specifications, prices, sales and service on our complete 
line of ionization gauge controllers are available by contact­
ing the appropriate company below. 

GRANVILLE-PHILLIPS 
5675 EAST ARAPAHOE AVENUE 

BOULDER, COLORADO 80303, U.S.A. 
PHONE 303/443-7660 • TELEX 045-791 

Where you buy w i th confidence. 
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PERSONNEL QUALIFY 

MATERIEL SPECIALISE 

Siege : 

5 7 0 0 0 M E T Z ( M o s . ) 
6, RUE DE MERIC 

TEL. (87) 3 0 . 3 7 . 6 4 + 

E I M T R E P R I S E G E N E R A L E 
D E D E C A P A G E 

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

a 
N . L O U I S e t s e s F i l s 

S.A. au Capital de 3 0 0 0 0 0 0 F 

P . D . G . : M a r c L O U I S 

T r e s g r o s s e s r e f e r e n c e s e n 

O F F S H O R E I N S T A L L A T I O N S P O R T U A I R E S 
T E R M I N A U X , P I P E - L I N E S - G A Z O D U C S , 

R A F F I N A G E , P E T R O C H I M I E 

Specialiste des revetements speciaux 
Connaissance parfaite des produits de toutes marques 

Service Etudes parfaitement rode 

GROSSES REFERENCES EN 

FRANCE ET A L'ETRANGER 

R.C. Metz 58 B 2 2 6 
Telex 8 6 0 2 8 0 Ant i rou i 

1 3 7 4 1 VITROLLES 
Zone industr iel le 
1ere Rue 
Tel . (42) 8 9 . 0 6 . 7 5 
R.C. Salon-de-Provence 
6 8 B 3 0 
Telex 4 2 0 3 0 9 
B.P. N° 8 - 1 3 7 4 1 VITROLLES 

5 7 1 9 0 FLORANGE 
Z.I.L. 
4 3 , Rue de I'Etoile 
B.P. N° 3 8 
Tel . (87) 5 8 . 1 8 . 6 2 
5 7 1 9 0 FLORANGE 

Agences 

5 9 6 4 0 PETITE-SYNTHE 
pres Dunkerque Z.I. 
Av. de la Gironde 
Tel. (20) 6 6 . 2 8 . 2 0 
R.C. Dunkerque 68 B 2 0 
Telex 8 2 0 9 4 4 
B.P. N° 3 8 
5 9 6 4 0 PETITE-SYNTHE 

4 4 4 8 0 DONGES 
pres St.-Nazaire 
Tel. (40) 4 5 . 7 1 . 5 2 
R.C. St.-Nazaire 65 B 1 7 
B.P. N° 13 
4 4 4 8 0 DONGES 

7 8 5 2 0 L IMAY 
Z.I. L imay 
Porchevi l le 
8A, rue Fernand-Forest 
Tel . 4 7 7 . 4 5 . 8 4 
Telex 6 9 1 7 4 9 
R.C. Pontoise 73 B 6 0 7 

D r i l l s : 

# s h e e t m e t a l u p t o 1.5 m m 
# t h i n - w a l l e d p i p i n g 
# c a r b o d y s h e e t 
# p l a s t i c s h e e t a n d t u b i n g 

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

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

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

TIPSWITOOL 
A l t k i r c h e r s t r a s s e 3 0 
P.O. Box - 4 0 2 7 B A L E / S w i t z e r l a n d T e l . 0 6 1 / 3 9 6 5 0 0 

SCREW LIFTING TABLES. 

The ideal 
servant for 
all 
laboratories 
and 
workshops 

2 MODELS 
Capacity : 500 kg Capacity : 100 kg 
Plat form : 800 x 500 m m Plat form : 400 x 400 m m 
Closed Height : 450 m m Closed Height : 220 m m 
Raised Height : 1150 m m Raised Height : 620 m m 

wr i te direct ly to : 1 2 8 bis. Avenue President Wilson 
S . E . P . M . 93100 MONTREUIL-Sous-BOIS 
T S I . : (1 ) 2 8 7 . 7 0 . 6 9 FRANCE 
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Light — the information medium 

Transmission and Optical Fiber Department 

N U M B E R O I M E 
w i t h i t s 

m a n u f a c t u r i n g p r o g r a m 
Presheathed single fiber - LD 0 2 
Spec i f i ca t i ons : 

• Material 
• Attenuation 
• Numerical aperture 
• Passband 
• Outer fiber dia. 
• Cable O D , 
• Max available length 

Silica 
5 to l O d B / k m 
18 to 2 0 ° 
3 0 0 MHz/km 
1 2 0 ( j l ± 5 [ j l 
0 . 9 m m ± 0 . 1 -
1 5 0 0 m m 

O 

E a l i n g 

Optical cable with 3, 7 19 silica fibers TIS LD 

Optical cable with 7 silica fibers TIS ZM07 and TIS PZ07 
Speci f icat ions • • Material 

• Attenuation 
• Numerical aperture 
• Passband 
• Outer fiber dia. 
• Cable O D . 
• Max available length 
• Tensile strength 
• Radius of curvature 

Silica 
15 to 5 0 d B / k m 
32° 
> 1 5 0 M H / / 5 0 0 m T 1 

4 0 0 J I ± 1 0 J I 
6 m m 
SOO m m 
25 kg 
8 0 mm 

Ik 
Ootical cable with 19 glass fibers TIS-MD19 
Speci f icat ions • Material 

• Attenuation 
• Numerical aperture 
• Passband 
• Outer fiber dia, 
• Cable O D . 
• Max. available length 
• Tensile strength 
• Radius of curvature 

Glass 
< l O O dN/km 
£ 7 ° 
o/ 
> l O O M H z / l O O m n 

I 0 5 f x ± 5 ( x 
6 m m 
2 5 0 m 
25 kg 
8 0 mm 

ALL OUR CABLES can be delivered WITH or WITHOUT CONNECTORS 

TRANSMITTER-RECEIVER ASSEMBLIES for fiberoptic cables 
Type TIS. ZM and MD 

with connectors 

System for 
LOGIC ANALOGUE, 

DIGITAL, 
transmission 

® P O R T 

TQS32PDIVI1 

P O m * 3£ I TAL IA 

Z. I . de la Gaudree - 5, rue Lambert 
91410 DOURDAN (France) 
Tel. (1) 492 .94 .63+ 
Telex : T X F R A 270105F REF. 643 
R H E I N G A U S T R A S S E 8 3 8 5 
6 2 0 0 0 W I E S B A D E N 12 W. G E R M A N Y 
Tel. (0 61 2 1 ) 2 8 3 5 

VIA PICCININI 2 
2 4 1 0 0 B E R G A M O ITALIA 
Tel . (035 ) 2 2 2 571 

FORT IS MARKETED IN 14 COUNTRIES 

For laser beam manipulation there's 
no better solution than Ealing 
miniature micropositioning devices. 

These c o m p a c t dev ices have been deve loped as 
a s y s t e m t o p rov ide al l necessary m o d e s of ad jus t ­
m e n t w i t h t h e requ i red p rec i s i on bu t m i n i m u m 
c o m p l e x i t y . They c a n be a s s e m b l e d in a va r ie ty of 
c o n f i g u r a t i o n s a n d c a n be m o u n t e d o n op t i ca l 
t ab l es , benches , p in a n d c o l u m n m o u n t s . Unnec ­
essary r e f i n e m e n t s have been o m i t t e d bu t accu­
racy has been m a i n t a i n e d . A u t o m a t e d p r o d u c t i o n 
m e t h o d s e n s u r e a c o n s i s t e n t s t a n d a r d a t t h e m i n ­
i m u m pr ice . Del ivery is n o r m a l l y f r o m s tock . 

Ea l i ng m i n i a t u r e m i c r o p o s i t i o n i n g dev ices wi l l 
so lve y o u r laser b e a m m a n i p u l a t i o n p r o b l e m s . 
C o n t a c t y o u r Ea l i ng o f f i ce f o r m o r e i n f o r m a t i o n . 

Greycai ne Road, Watford, WD2 4PW, England 
South Natick, Mass. 01760, Tel: (617) 655-7000 
9649 Cotede Liesse, Dorval H9P 1A3, Quebec 
Unit No. 5, Carlingview Drive, Rexdale M9W 5E7, Ontario 
Bahnhofstr 8, Postfach 1226, 6128 Hochst, W. Germany 
1031, Boulevard Jeanned'Arc, 59500 D0UAI, France 
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Precision 
Power Supplies 
Stability up to 1 0 " 6 ; up to 3 0 0 kW ; up to 3 0 0 kV 

for all applications 

Magnets Microwave tubes 

Superconductors Capacitor charging 

Beam deflection Multipliers 

Control and Measuring Techniques 
Happinger Strasse 71 
8 2 0 0 Rosenheim 
Tel. 0 8 0 3 1 - 6 6 3 9 7 / 6 6 1 1 6 
Telex 0 5 2 5 7 7 7 hemes d 

A NEW CAMAC CRATE 
AND POWER SUPPLY 

"THE U L T I M A 3 0 0 0 " 
f r o m 

STRIIDRRD ERGIREERIRG 
The Ultima 3000 was designed specifically for: 

- Achieved through rugged monolithic 
construction, 

- Achieved through solidity and over 
design, 

- Achieved through minimizing parts 
count and attention to cooling air 
flow, 

1 Low, easy maintenance - Achieved through rapid access & 
modular design, 

Achieved through 4 2 a m p s / 6 volt 
standard output. 

• Simplicity 

• Longevity 

• Trouble free operation 

• Heavy duty 

i t e r 

STRRDRRD EMjfflEERfflG CORPORRTIOR 
44800 industrial dr.* fremont, ca. 94S38 • 4IS 6S7-7SSS 

a second 
prefabrication 
plant: 
after the plant in Montelimar FRANCE, 
the plant in Olazagutia SPAIN 
has become operational. 
You can : 
• leave to us the installation of 

5 0 0 t / m o n t h of piping circuits 
• be sure that the quality 

requirements and delivery date 
that you ask for will be met 

Our 2 prefabrication plants 
Assembly area 

bOccard 
DESIGN, SUPPLY, FABRICATION AND INSTAL­
LATION OF PIPING SYSTEMS FOR RESEARCH, 
OFFSHORE OIL EXPLORATION AND REFINING 
• CHEMICAL AND PETROCHEMICAL INDUS­
TRIES • IRON & STEEL INDUSTRY • NU­
CLEAR POWER STATIONS. . . 

2000 People - 500 Licensed welders 

Ste B O C C A R D 

© BP 6080 - 69604 Vi l leurbanne Cedex 
FRANCE - Tel. (78) 68 34 35 Telex 300 426 F 

• Tervuerenlaan 42 - 1040 Brussel 4 
BELGIQUE 

• Edificio Deusto - Avenida del Ejercito 3 
Deusto - Bilbao 14 - ESPAGNE 

• Olazagutia - (Navarra) - ESPAGNE 

• Via Gozzi N° 5 - 10121 Torino - ITALIE 



WES 
KARL WEHRMANN SPALDINGSTR. 7 4 

CAMAC 
2 0 0 0 HAMBURG 1 TEL 0 4 0 / 2 4 1 5 11 

TEAM 
TLX 2 1 6 3 0 4 3 

t ^ j „ v ^ „ =r . . .aw 
CAMAC-CRATES 200-500 W 

• CERN C O M P A T I B L E , P L U G A B L E 
POWER BOX 

• P L U G A B L E FAN UNIT 

• D I S P L A Y S H O W S : S T A T U S , F A N 
FAILURE, O V E R L O A D , O V E R H E A T 

• C U R R E N T / V O L T A G E D I S P L A Y 

• S H O R T CIRCUIT PROTECTION 

• C O M P U T E R M O N I T O R I N G PLUG 

• THREE 5 0 0 W - V E R S I O N S 

For de ta i l ed t echn i ca l and p r i ce i n f o r m a t i o n p lease c o n t a c t W E S and ask fo r c a t a l o g 9 / 7 6 

WES-CAMAC-TEAM 
r e p r e s e n t e d in S w i t z e r l a n d by 

C A N B E R R A - S T O L Z A G Be l i kone r Str . 2 1 8 C H - 8 9 6 7 W i d e n - M u t s c h e l l e n T e l e f o n 0 5 7 / 5 4 0 7 8 Te lex 5 4 0 7 0 

C h a n t i e r s m o d e r n e s 
S . A . a u c a p i t a l d e Fr. 3 0 0 0 0 0 0 0 f 

88, rue de Villiers 
92532 LEVALLOIS-PERRET - CEDEX 

Telephone: 757-31-40 
Telex: 610202 

Paris - Bordeaux - Vitrolles - Nantes - Le Havre 
La Reunion - Libreville - Pointe-a-Pitre 

Abidjan 

ULTRASONIC CLEANING EQUIPMENT 
C o m p a c t un i ts 
P r o v e n , t o p - q u a l i t y p r o d u c t s , of t h e 
m o s t a d v a n c e d d e s i g n , at a f f o rdab le 
pr ices . 

0 .2 to 2 8 
l i t res 
capac i t y . 

— F requency 3 5 k H z 
— S i m p l e to 

ope ra te 
— H igh w a t t a g e per 

l i t re c a p a c i t y 
— S ta in less s tee l t a n k c o a t e d i n te rna l l y 

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

T h o r o u g h l y c leans : 
oi l f i l t e rs , s t ra ine rs , hea ld sha f ts , nozz les , i n s t r u m e n t s , re lays , 
c o u n t e r s , p rec i s i on e n g i n e e r i n g c o m p o n e n t s , po l i shed i t e m s . 

For L A R G E - S C A L E I N S T A L L A T I O N S : 
m o d u l a r g e n e r a t o r s ( m o d u l e s 
i n t e r c h a n g e a b l e w i t h i n m i n u t e s ) 
a n d i m m e r s e d osc i l la to r . 

M. SCHERRER A G , 
Gal luss t rasse 4 1 ( S w i t z e r l a n d ) 

C H - 9 5 0 0 WIL /SG 
P h o n e ( 0 7 3 ) 2 2 3 4 7 6 
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Twenty years of accelerator-klystron 
progress at THOMSON-CSF 

Near ly t w e n t y yea rs ago , b a c k in 1 9 5 9 , 
T H O M S O N - C S P s T H 2 0 1 0 w a s t he f irst 
h i g h - p o w e r acce le ra to r k l ys t ron 
de l i ve r i ng over 2 0 M W p e a k ou tpu t 
p o w e r a n d 2 0 k W ave rage . At tha t t ime , 
four RF ou tpu ts w e r e n e c e s s a r y , d u e to 
o u t p u t - w i n d o w l imi tat ions. 
A f e w y e a r s later, w e o b t a i n e d 2 0 - M V W 
2 0 - k W p e r f o r m a n c e w i th on ly t w o 
ou tpu t w i n d o w s , as in the TV 2011 , d u e 
to a d v a n c e s m a d e in R F - w i n d o w 
t e c h n o l o g y . 

T h e n , in 1 9 6 8 , t h a n k s to an o n g o i n g 
k lys t ron R&D effort, w e w e r e ab le to 
i n t r oduce 2 0 - M W / 2 0 - k W k lys t rons 
in L a n d S b a n d , e a c h hav ing jus t a 
s ing le RF-ou tpu t w i n d o w : t he TV 2 0 0 1 
a n d TV 2 0 0 2 . 
Today , soph i s t i ca ted c o m p u t e r - a i d e d 
d e s i g n t e c h n i q u e s , our wea l t h of 
e x p e r i e n c e a n d our mas te r y of 
h i g h - p o w e r k lys t ron t e c h n o l o g y m a k e it 
poss ib le for t he T H O M S O N - C S F l ine of 
acce le ra to r k lys t rons to offer t he r ight 

t u b e for p rac t ica l l y any app l i ca t i on . 
Jus t t w o of t he latest T H O M S O N - C S F 
acce le ra to r k l ys t rons are the T H 2 0 7 5 
( 5 0 k W C W at 2 4 5 0 M H z ) a n d t he 
TV 2 0 2 2 A (a 2 0 - M W / 5 0 - k W L -band 
m o d e l ) . M o r e t han 100 se r v i ce 
pos i t i ons , all a r o u n d t he w o r l d , 
c lear ly m a r k T H O M S O N - C S F as a 
w o r l d leader in th is f ie ld. C o n t a c t us 
for ful l de ta i l s o n our r e m a r k a b l e 
acce le ra to r - k l y s t r on l ine, or for a t u b e 
ta i lo red to y o u r e x a c t app l i ca t ion . 

THOMSON-CSF 
DIVISION TUBES ELECTRONIQUES / 38, RUE VAUTHIER / 92100 BOULOGNE-BILLANCOURT / FRANCE / TEL : (1) 604 81.75 

Germany - THOMSON-CSF Elektronenrohren GmbH / Leerbachstr. 58 / 6000 FRANKFURT am MAIN. 1 / Tel. : (0611) 71.72.81 
Italy - THOMSON-CSF Tubi Elettronici SRL / Viale degli Ammiragli 71 / 1 - 00136 ROMA / Tel. : (6) 638.14.58 

Japan - THOMSON-CSF JAPAN K.K. / TBR Building / Kojimachi 5-7 / Chiyoda-Ku / TOKYO / f 102 / Tel. : (03) 264.63.41 
Spain - THOMSON-CSF Tubos Electronicos S.A. / Alcala 87 / 7° Dcha / MADRID 9 / Tel. : (1) 226.76.09 
Sweden - THOMSON-CSF Elektronror AB / Box 27080 / S 10251 STOCKHOLM 27 / Tel. : (08) 225.815 

United Kingdom - THOMSON-CSF U.K. LTD. / Ringway House / Bell Road / Daneshill / BASINGSTOKE RG24 OQG / Tel. : (0256) 29.155 / Telex : 858865 
U.S.A. - THOMSON-CSF Electron Tubes / 750 Bloomfield Avenue / CLIFTON NJ 07015 / Tel. : (201) 779.10.04 
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Get high power RF generation, 
switch and regulator tubes 
for tomorrows accelerators 

and! fusion machines 
from EIMAC today. 

W h e n c o m b i n e d R F p o w e r gene ra t i on a n d h igh vo l t age 
s w i t c h i n g a n d regu la t i on r e q u i r e m e n t s for a c c e l e r a t o r s a n d 
fus ion mach ines deve lop , y o u n e e d off- the-shelf power t u b e s — 
no t p r o p o s a l s . Tha t ' s w h y E I M A C h a s d e v e l o p e d t h e h i ghes t 
p o w e r t e t r ode p roduc t l ine ava i l ab l e for t h e s e r e q u i r e m e n t s . 
A n d that 's w h y E I M A C is d e d i c a t e d to a po l i cy of c o n t i n u e d 
d e v e l o p m e n t of n e w t u b e m a t e r i a l s , rf t u b e s , s w i t c h t u b e s 
a n d h igh p o w e r c i rcu i t ry fo r t o m o r r o w ' s r e q u i r e m e n t s . 

E I M A C h igh -cu r ren t s w i t c h t u b e s w i th ho ld-o f f v o l t a g e s 
u p to 7 0 k V are ready r ight n o w a n d d e v e l o p m e n t of p r o d u c t s 
u p to 2 0 0 k V is u n d e r w a y . 

R F p o w e r t u b e s w i t h u p to 1250 k W a n o d e d i ss i pa t i on 
a n d cav i t ies at 50 to 110 M H z are a lso ava i lab le at r easonab le 
p r i ces f r o m E I M A C . For e x a m p l e : 9 

EXCITER 
EIMAC 

4CW50,000E 
AND CAVITY 

K 
EIMAC 
X-2170 

AND CAVITY 
EXCITER F 

EIMAC 
4CW50,000E 
AND CAVITY R 

EIMAC 
X-2170 

AND CAVITY 

500 kW 
at 

55 MHz 

B e c a u s e E I M A C is a l eade r in s ta te -o f - t he -a r t h igh 
p o w e r t u b e d e v e l o p m e n t , E I M A C p o w e r t u b e s d o m i n a t e t he 
f ie ld of f u s i o n p o w e r g e n e r a t i o n a n d re la ted e x p e r i m e n t s in 
E R D A a n d w o r l d - w i d e na t i ona l l abo ra to r i es . For y o u r h igh 
p o w e r n e e d s , con tac t V a r i a n , E I M A C D iv i s i on , A t t n : T o m 

Y ings t , 301 Indus t r ia l W a y , S a n C a r l o s , Ca l i f o rn ia 
9 4 0 7 0 U S A . O r any of the m o r e t han 3 0 Var ian 

E l e c t r o n D e v i c e G r o u p S a l e s O f f i c e s 
t h r o u g h o u t t h e w o r l d . 

varian 
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