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Nobel Prize for Physics 1980 

Once more it is the elementary par­
ticle fraternity which is honoured 
with the Nobel Prize for Physics. This 
year the prestigious award goes to 
James W. Cronin of the University of 
Chicago and Val Fitch of Princeton 
for their epic experiment at Brook-
haven in 1964 which showed that 
the so-called charge-parity (CP) 
symmetry was subtly violated in the 
4ecays of neutral kaons. 

Although recent theoretical devel­
opments have provided some strong 
suggestions, this fundamental dis­
covery has yet to fall neatly into 
place In our understanding of fun­
damental particles and their inter­
actions. 

After the Cronin-Fitch discovery, it 
was soon realized that if we could 
run physics backwards in time, we 
would not necessarily reencounter 
the past. CP violation means that at 
least as far as the neutral kaons are 
concerned, the symmetry of time 
between past and future is not 
perfect. 

For many years, physicists had 
believed that everything obeys three 
basic symmetries- parity (P), charge 

njugation (C) and time reversal (T). 
Rotations in space can be either 
right-handed or left-handed, and the 
principle of parity symmetry implies 
that Nature makes no underlying 
distinction between right and left, so 
that both options are equally possi­
ble. This means that the distinction 
between right and left is mere 
human convention, and that for any 
natural object or event, a 'mirror 
image' counterpart could exist. 
Charge conjugation symmetry says* 

Apparatus used by Cronin and Fitch at 
Brookhaven in 1964 to detect the two pion 
decay mode of the long-lived neutral kaon 
and so overthrow charge conjugation/parity 
(CP) symmetry. The two spectrometer arms, 
symmetrically placed about the incoming 
neutral beam, picked up the charged 
products of the neutral kaon decays. 

(Photo Brookhaven) 

that for any natural particle, there 
can exist a corresponding antipar-
ticle which carries opposite (but 
equal) electric charge and other such 
quantum numbers. This symmetry 
implies that the phenomena seen in 
a world composed entirely of anti­
matter would be exactly the same as 
those seen with ordinary matter, so 
that the distinction between what is 
called matter and what is called 
antimatter is totally arbitrary. Time 
reversal symmetry says that if the 
motion of a physical system were to 
be subsequently reversed, the sys­
tem would inevitably return to the 
situation from which it started. 

Just twenty-five years ago, all 
these symmetry principles were 
believed to be universally valid, but 
since then it has been found that 
when the weak force is in action, in 
fact all of them are violated. 

The first symmetry to fall was that 
of parity. In the early 1950s, physi­

cists were worried about the so-
called 'theta-tau puzzle'. Two differ­
ent weak decays were being seen, 
one giving two pions, the other giv­
ing three. These two pionic configu­
rations have opposite parity, but 
apart from this, the properties of the 
decaying particle were highly simi­
lar. In 1 956, T.D. Lee and C.N. Yang 
concluded that there was no evi­
dence for the conservation of parity 
in weak interactions, and perhaps 
one particle, the neutral kaon, could 
be responsible for the two observed 
decay modes. New experiments 
were proposed to test conclusively 
whether parity symmetry was vio­
lated. 

Soon afterwards, C.S. Wu and her 
collaborators looked at the radio­
active (weak) decays of polarized 
nuclei and found that the emitted 
electrons preferred to emerge on 
one side relative to the direction of 
spin of the parent nucleus. Other 
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James W. Cronin at a news conference after 
the announcement of the award of the 1980 
Nobel Prize for Physics. 

(Photopress) 

experiments soon saw similar be­
haviour, which confirmed that when 
the weak force is in action. Nature 
definitely cares about the direction in 
which things can happen. In 1957, 
the Nobel Prize for Physics was 
awarded to Lee and Yang. 

In weak decays, antimatter more­
over behaves in the opposite way to 
ordinary matter, for example a 
decaying neutron prefers to emit 
electrons spinning left-handedly 
while a decaying antineutron gives 
mainly right-handed positrons. This 
means that charge symmetry too 
has to go by the board. However if 
the double CP operation - particle to 
antiparticle and left to right transfor­
mations - were carried out, this CP 
symmetry would be good and order 
would seem to be restored. 

The strange world of the neutral 
kaon 

In the study of the basic symme­
tries of the weak interactions, the 
neutral kaons, which carry strange­
ness but no electric charge, play an 
especially important role. In strong 
interactions, strangeness is a 'good' 
quantum number, so that the neutral 
kaon and its antiparticle can be 
distinguished. However weak inter­
actions do not conserve strange­
ness, so that in these interactions the 
neutral kaon and its antiparticle have 
to be considered together. 

In high energy collisions both the 
'true' neutral kaon and its antiparti­
cle are formed. For the subsequent 
weak interactions, one can have 
either a symmetric or an antisym­
metric superposition of the two 
kaons. According to CP symmetry, 
the symmetric mixture can decay 
into two pions, but the antisymmet­
ric cannot. The latter therefore has to 
find some other way of decaying, for 
example into three pions. Such a 
decay is more difficult, so that the 

antisymmetric combination lives 
longer than the symmetric one. 

Upto 1964, this was inagreement 
with all experiments. The symmetric 
mixture, called the short-lived kaon, 
was known to live for about 10~ 1 0 

seconds and subsequently decay 
into two pions, while the antisym­
metric one, called the long-lived 
kaon, was about a hundred times 
more durable, decaying eventually 
into three pions. It had never been 
seen to decay into two pions, or put 
more precisely, experiments had 
shown that any decay into two pions 
did not exceed one three-hundredth 
of all decays. 

The Cronin-Fitch experiment set 
out to improve this limit using spark 
chambers to detect kaon decay pro­
ducts in a narrow beam of secondary 
neutral particles at the Brookhaven 
Alternating Gradient Synchrotron. 
Their detector consisted of two iden­
tical spectrometer arms, one either 

side of the neutral beam axis, which 
looked for events in which one 
charged decay product passed 
through each arm. The distance from 
the production target to the dec 
region in front of the spectrometers 
was long enough to ensure that the 
short-lived kaons had decayed 
away, and that only the decay pro­
ducts of long-lived kaons were 
detected. 

The pairs of charged particles 
picked up in the detector arms could 
come from several different decay 
modes of the long-lived neutral 
kaons - pion plus electron plus neu­
trino (the neutrino being unde­
tected), or pion plus muon plus neu­
trino, or three pions (with the third 
pion eluding the spectrometer arms), 
as well as the possible two-pion 
mode. 

To eliminate the first two possibil­
ities, an effective mass of the parent 
particle in each decay event was 
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calculated, assuming each particle 
recorded in the spark chambers was 
a pion. By selecting only those 
events giving an effective mass 
which correponded to the neutral 
kaon, decays giving electrons and 
muons could be eliminated. 

The next step was to calculate the 
combined momentum of the pair of 
pions picked up in the two spectro­
meter arms, and to compare the 

rection of this momentum with 
that of the neutral beam. For decays 
into three pions, the angle between 
the momentum of the detected 
muon pair and the beam would be 
the result of the 'missing' third pion. 
However this angular distribution 
revealed an excess of two-pion 
events whose combined momentum 
coincided with the direction of the 
neutral kaon beam and which could 
not be explained by any other effect. 
From a sample of 22 700 long-lived 
kaon decays, some 45 events were 

found which corresponded to the 
production of just two pions. 

Although only a tiny effect (0.2 per 
cent), this evidence was enough to 
overthrow CP symmetry. This dis­
covery immediately had serious im­
plications because the belief in an 
overall CPT symmetry, combining 
charge conjugation, parity and time 
reversal, is a vital part of the theore­
tical description of particle behav­
iour. If CPT were to have been found 
invalid, then theoretical physics 
would have been in serious trouble. 
Subsequent experiments on neutral 
kaon decays showed that time rev­
ersal, as well as CP symmetry, is 
violated, but in such a way that the 
overall CPT symmetry is still good. 

The origin of this CP and T sym­
metry violation is attributed to a 
'superweak' force, whose strength is 
only 10~9 that of the already feeble 
weak interaction. Recently, theorists 
have proposed that the existence of 

at least two heavier quarks beyond 
charm could naturally explain this 
force. Whatever its explanation, CP 
violation is an integral part of physics 
and has to be an integral part of 
physical theory. Until it is, only 
optimists can say that particle phy­
sics is understood. 

Val Fitch, chairman of Princeton's Physics 
Department. 

(Photopress) 
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Taking stock at the CERN SPS 

Smi/es in the SPS control room on 17 June 
1976 at the start of operations at 400 GeV. 
The subsequent four years have seen more 
fine achievements. 

(Photo CERN313.6.76) 

W i t h t h e S P S 4 0 0 G e V p r o t o n 
s y n c h r o t r o n a t C E R N n o w u n d e r g o ­
ing a l o n g s h u t d o w n t o a d a p t it f o r i ts 
n e w ro le as a p r o t o n - a n t i p r o t o n c o l ­
l ider , m e m b e r s o f t h e S P S u s e r c o m ­
m u n i t y m e t r e c e n t l y a t C o g n e in t h e 
A o s t a V a l l e y , I ta ly , t o r e v i e w t h e 
p h y s i c s p r o g r a m m e . I t w a s a l s o a 
g o o d t i m e t o t a k e s t o c k a n d l o o k 
b a c k o v e r t h e m a c h i n e ' s p a s t p e r ­
f o r m a n c e . 

S P S a c h i e v e m e n t s t o d a t e a re 
i m p r e s s i v e , w i t h t h e a v e r a g e n u m ­
be r o f p r o t o n s o n t a r g e t pe r h o u r o f 
s c h e d u l e d p h y s i c s t i m e h a v i n g i n ­
c r e a s e d s i g n i f i c a n t l y o v e r t h e y e a r s -
f r o m 1 . 5 x 1 0 1 5 i n 1 9 7 7 t o 5 . 5 x 1 0 1 5 

t h i s yea r . T h i s c a n be p a r t i a l l y a t t r i ­
b u t e d t o t h e n a t u r a l i n c r e a s e in o p e r ­
a t i o n s e x p e r i e n c e , b u t a m a j o r c o n ­
t r i b u t i o n r e s u l t e d f r o m t h e m o v e t o 
d o u b l e b a t c h i n j e c t i o n (see O c t o b e r 
1 9 7 8 i ssue , p a g e 3 4 5 ) . P r e v i o u s l y , a 
s i n g l e p u l s e o f 10 G e V p r o t o n s f r o m 
t h e PS p r o t o n s y n c h r o t r o n w a s 
p e e l e d o f f o v e r t e n t u r n s t o a l m o s t f i l l 
t h e S P S r i n g . In d o u b l e b a t c h i n j e c ­
t i o n , t w o PS p u l s e s a re e j e c t e d o v e r 
f i v e t u r n s . T h i s t e c h n i q u e s o o n 
e s t a b l i s h e d n e w r e c o r d s f o r i n t e n s i t y 
a n d n u m b e r o f p r o t o n s o n t a r g e t , b u t 
e v e n t h e s e f i g u r e s h a v e s i n c e b e e n 
m a d e t o a p p e a r m o d e s t . A n o t h e r 
s i g n i f i c a n t d e v e l o p m e n t w a s t h e 
c o m m i s s i o n i n g o f t h e n e w l inac f o r 
t h e PS (see M a r c h 1 9 7 9 i ssue , p a g e 
1 3 ) . 

H o w e v e r t h e S P S h a s n o t b e e n 
w i t h o u t i ts s h a r e o f s e t b a c k s . In i t ia l 
t e e t h i n g p r o b l e m s , e s p e c i a l l y d u r i n g 
t h e s u m m e r t h u n d e r s t o r m p e r i o d , 
a f f e c t e d p e r f o r m a n c e , w h i l e ea r l y in 
1 9 7 9 a s e r i o u s i n c i d e n t a t t h e m a i n 
p o w e r s u p p l i e s h i n d e r e d p r o g r e s s . 
A l t h o u g h p r e v i o u s m a c h i n e d e v e l ­
o p m e n t w o r k h a d s h o w n t h a t 4 5 0 
a n d e v e n 5 0 0 G e V w e r e p o s s i b l e , 
t h e f i r s t s c h e d u l e d p h y s i c s r u n s a t 
4 5 0 G e V in 1 9 7 9 w e r e n o t as s u c ­
c e s s f u l as m i g h t h a v e b e e n h o p e d . 

S o fa r , a t o t a l o f 5 1 . 3 x 1 0 1 8 p r o ­

t o n s h a v e b e e n r e c e i v e d o n t a r g e t f o r 
s c h e d u l e d S P S p h y s i c s r u n s ( r e p r e ­
s e n t i n g a b o u t t h e s a m e n u m b e r o f 
p r o t o n s as a re c o n t a i n e d in a c u b i c 
c e n t i m e t r e o f h y d r o g e n g a s u n d e r 
n o r m a l c o n d i t i o n s ) . S o m e t w o -
t h i r d s o f t h e s e S P S p r o t o n s h a v e f e d 
t h e W e s t A r e a , w i t h t h e N o r t h A r e a , 
w h i c h o n l y c a m e o n - l i n e in 1 9 7 8 , 
a c c o u n t i n g f o r t h e r e m a i n d e r . T h e 
l i on ' s s h a r e ( s o m e 4 3 pe r c e n t ) o f al l 
t h e p r o t o n s h a s b e e n u s e d t o g e n e r ­
a te t h e n e u t r i n o b e a m s f o r t h e W e s t 
A r e a . 

For p h y s i c s in t h e W e s t A r e a , a 
t o t a l o f 3 0 e l e c t r o n i c s e x p e r i m e n t s 
u s i n g s e c o n d a r y h a d r o n a n d p h o t o n 
b e a m s h a v e r u n a t t h e S P S , o f w h i c h 
2 7 h a d b e e n c o m p l e t e d a t t h e t i m e 
o f t h e s h u t d o w n in J u n e . O v e r ha l f o f 
t h e s e e x p e r i m e n t s u s e d t h e O m e g a 
s p e c t r o m e t e r , q u i t e a n a c h i e v e m e n t 
in i t se l f (see p a g e 4 0 0 ) . A l s o in t h e 
W e s t A r e a , a n a d d i t i o n a l 2 1 e x p e r i ­
m e n t s h a v e u s e d t h e n e u t r i n o 

b e a m s , a n d s ix h a d r o n e x p e r i m e n t s 
h a v e b e e n c a r r i e d o u t u s i n g t h e 
B E B C b u b b l e c h a m b e r . A t t h e S P S , 
B E B C h a s t a k e n s o m e f o u r m i l l i o n 
p i c t u r e s f o r h a d r o n a n d neu t r i i 
i n t e r a c t i o n s . N o n e w p r o p o s a l s f o r 
h a d r o n e x p e r i m e n t s h a v e b e e n r e ­
c e i v e d f o r B E B C , a n d it l o o k s as 
t h o u g h t h i s t y p e o f i n v e s t i g a t i o n has 
c o m e t o an e n d , a t l eas t t e m p o r a r i l y . 
In t h e N o r t h A r e a , o v e r 2 0 - e x p e r i ­
m e n t s h a v e b e e n a p p r o v e d s o fa r , o f 
w h i c h n i n e h a v e b e e n c o m p l e t e d . 
H o w e v e r w i t h t h e r e s t a r t o f f i x e d 
t a r g e t p h y s i c s , t h e N o r t h A r e a w i l l 
s e e i n c r e a s e d a c t i v i t y w i t h t h e f u l l 
c o m m i s s i o n i n g o f b i g n e w d e t e c t o r s 
s u c h as t h e E u r o p e a n H y b r i d S p e c ­
t r o m e t e r , w h o s e e x p e r i m e n t a l p r o ­
g r a m m e is n o w b e g i n n i n g t o t a k e 
s h a p e . In a d d i t i o n , t h e h i g h i n t e n s i t y 
f a c i l i t y in t h e N o r t h A r e a , w h i c h 
c a m e i n t o o p e r a t i o n la te las t y e a r , 
w i l l s o o n f i g u r e p r o m i n e n t l y in t h e 
e x p e r i m e n t a l p r o g r a m m e . 
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Around the Laboratories 

For t h e f u t u r e , a t t e n t i o n o b v i o u s l y 
c e n t r e s o n t h e p r o g r e s s o f t h e a n t i -
p r o t o n p r o j e c t in w h i c h 2 7 0 G e V 
p r o t o n a n d a n t i p r o t o n b e a m s w i l l be 
b r o u g h t t o g e t h e r in t w o c o l l i s i o n 
a reas , s e r v i n g a t o t a l o f f i v e e x p e r i ­
m e n t s (see J u n e i ssue , p a g e 1 4 3 ) . 
For f i x e d t a r g e t w o r k , i n c r e a s e d 
i n t e n s i t y a n d e f f i c i e n t r u n n i n g a t 
4 5 0 G e V are t h e i m m e d i a t e a i m s . 

or t h e l o n g e r t e r m , o t h e r p o s s i b i l i ­
t ies b e i n g d i s c u s s e d i n c l u d e t h e p r o ­
v i s i o n o f p o l a r i z e d p r o t o n b e a m s , 
a n t i p r o t o n s f o r f i x e d t a r g e t w o r k , 
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 in 
t h e W e s t A r e a . T h e S P S c o u l d a l so 
h a v e t o s e r v e as i n j e c t o r f o r t h e 
p r o p o s e d n e w LEP e l e c t r o n - p o s i t r o n 
r i ng (see J u l y / A u g u s t i ssue , p a g e 
1 9 2 ) . W h a t e v e r t h e f u t u r e m a y 
b r i n g , t h e S P S l o o k s l ike b e i n g t h e 
w o r k h o r s e o f E u r o p e a n h i g h e n e r g y 
p h y s i c s f o r a l o n g t i m e t o c o m e . 

The ratio of negative to positive pions 
produced by 200 GeV negative pions on a 
hydrogen target measured against transverse 
momentum (pT) by a Chicago/Princeton 
experiment at Fermilab. The triangles, 
squares and circles refer to production 
angles of 60°, 77° and 90° respectively. 
The curves labelled F-F are the predictions 
of R. Field. 

FERMILAB 
Surprising scattering 
results 
R e c e n t r e s u l t s f r o m E x p e r i m e n t 2 5 8 
a t F e r m i l a b a re p u z z l i n g t o t h e o r i s t s 
w h o m a k e m o d e l s o f h i g h t r a n s v e r s e 
m o m e n t u m r e a c t i o n s . T h e e x p e r i ­
m e n t , a C h i c a g o / P r i n c e t o n c o l l a b o ­
r a t i o n , uses an e l e g a n t l y s i m p l e 
s i n g l e p a r t i c l e s p e c t r o m e t e r t o 
m e a s u r e p r o d u c t i o n o f s i n g l e p i o n s , 
k a o n s , a n d p r o t o n s by p i o n s u s i n g 
t h e h i g h i n t e n s i t y b e a m in P r o t o n 
W e s t . 

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

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

p r o t o n co l l i s i ons . In c o n t r a s t t o t h e 
p r o t o n - p r o t o n case , t h e a n g u l a r d i s ­
t r i b u t i o n in p i o n - p r o t o n s c a t t e r i n g 
n e e d n o t be s y m m e t r i c a b o u t 9 0 ° . If 
o n e m a k e s t h e r e a s o n a b l e a s s u m p ­
t i o n t h a t a p a r t i c l e o b s e r v e d a t l a rge 
t r a n s v e r s e m o m e n t u m c o m e s f r o m 
a v a l e n c e q u a r k , o n e c a n i d e n t i f y a 
p o s i t i v e p i o n as c o m i n g f r o m t h e 
p r o t o n , o r a n e g a t i v e k a o n o r a n t i p r o ­
t o n as c o m i n g f r o m t h e i n c i d e n t p i o n . 
F u r t h e r m o r e , if o n e a s s u m e s t h a t t h e 
o b s e r v e d p a r t i c l e ca r r i es a l a rge f r a c ­
t i o n o f t h e s c a t t e r e d q u a r k ' s m o m ­
e n t u m , t h e n t h e p a r t i c l e ' s d i r e c t i o n is 
c l o s e t o t h a t o f t h e s c a t t e r e d q u a r k . 
H e n c e t h e m e a s u r e d a n g u l a r d e ­
p e n d e n c e w o u l d be s t r o n g l y c o r r e ­
l a t e d w i t h t h e a n g u l a r d e p e n d e n c e 
o f t h e u n d e r l y i n g h a r d s c a t t e r i n g 
p r o c e s s . 

T h e r e s u l t s a re s o m e w h a t s u r p r i s ­
i ng . T h e m o d e l s ( fo r e x a m p l e t h e 
c a l c u l a t i o n o f R. Field) p r e d i c t a 
s t r o n g d e p e n d e n c e o f t h e r a t i o o f 
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outgo ing negative to posit ive pions 
on the angle. The data show some 
dependence, but not as st rong as the 
Field predict ions and in fact look to 
be dependent most ly on impact 
parameter, measured by the t rans­
verse m o m e n t u m . 

W h a t parameters in the model 
affect this rat io? The fundamenta l 
hard scatter ing dependence is given 
by quan tum chromodynamics , and 
so is 'non-negot iable ' t o most theo­
rists. The amoun t of m o m e n t u m car­
ried by gluons affects the ratio, as 
gluons produce posit ive and nega­
t ive pions equally. So changing the 
gluon structure funct ion is a possible 
alternative. Finally, 'smear ing ' f r om 
the f ragmenta t ion of the quarks and 
f rom their so-cal led 'pr imordial 
transverse m o m e n t u m ' make small 
changes to the ratios, but not 
enough to signif icant ly affect the 
results. 

However there is a problem in 
changing the st ructure funct ions. 
There are at least three sets of high 
transverse m o m e n t u m single par t i ­
cle data wh i ch bear on the prob lem: 
(1) the new Ch icago/Pr ince ton re­
sul ts; (2) older data f r om the same 
group on the negative to posit ive 
pion ratio in pro ton-pro ton col l i ­
s ions; and (3) the 'beam ratio' data 
wh ich compares neutral pion pro­
duct ion by protons and by pions, as 
measured by a C a l t e c h / F e r m i l a b / 
Berkeley col laborat ion. The problem 
is to f i t all three sets of data w i t h a 
consistent set of s t ructure funct ions. 
Neil Fleishon and James Stir l ing of 
the University of Wash ing ton have 
tr ied to do this, and f ind that they can 
fit any t w o out of the three sets of 
measurements, but not all three. 
More calculat ions, and more experi­
ments, may be necessary. 

The UN/LAC at Darmstadt which is used 
for the acceleration of heavy ions. In October, 
Darmstadt was the scene of a 'Workshop 
on Future Relativistic Heavy Ion Experiments'. 

DARMSTADT 
Nuclear collisions 
under discussion 
At the 'Workshop on Future Relativ­
istic Heavy Ion Exper iments ' held at 
GSI Darmstadt f r om 7 to 10 Octo­
ber, research topics were discussed 
that are of c o m m o n interest both to 
particle and nuclear physicists. 

First results of studies carried out 

at the Berkeley Bevalac energies of 
up to 2 GeV per nucléon indicate 
that central nucleus-nucleus col l i ­
sions do in fact produce a short- l ived 
state of high part icle and energy 
density. The density, since it is a 
t ransient condi t ion, is not easily 
measured directly. However if the 
particle emissions f r om the high 
density state are changed in a char­
acterist ic way, due to the prevai l ing 
local condi t ions, one might obtai 
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A view of part of the expérimenta/ hall at 
the Darmstadt UNILAC. The ion beams enter 
from the top right in the picture. The 
experimental programme includes a thorough 
search for highly unstable nuclei. 

(Photos GSI Darmstadt) 

indirect evidence for phase t rans i ­
t ions f rom 'normal ' nuclear mat ter to 
other metastable fo rms of quark 
matter, or for the fo rmat ion of exotic 

bjects, like a gluon plasma. 
The first of these possibil i t ies has 

been suggested by nuclear physi ­
cists w h o are interested in nuclear 
mat ter as a quasi-macroscopic 
state. The condit ions required to 
reach quark mat ter are now pre­
dicted to fall at an energy density of a 
f ew GeV per f m 3 wh i ch , for example, 
could be wi th in the reach of f ixed 
target running at CERN PS energies. 
Possible ' f ingerprints' of this new 
behaviour discussed at the W o r k ­
shop were changes in strange and 
antistrange product ion abundances, 
as wel l as interact ion tempera ­
tures. 

A t still higher energies the packing 
density of quarks may not increase 
much further, but a qual i tat ively new 
state may emerge in the plateau 

region due to the overlapping or 
bundl ing of many g luon /co lou r 
str ings merging into an exotic 
extended object. Specific decay pro­
perties of such an object are un ­
known but changes in the behaviour 
of the product ion of lepton pairs and 
in high transverse m o m e n t u m pro­
cesses were suggested as an initial 
probe. Clearly, this research is an 
ideal coll iding beam topic but it may 
require even higher energies than 
the 2 4 GeV per nucléon that could 
be reached even if calc ium ions 
could be coll ided in the CERN ISR. 

A lot of discussion at the W o r k ­
shop centred around the possible 
eventual homes of this research. 
One possibil i ty wh ich was discussed 
was CERN, where in principle, the 
PS and ISR complex could accom­
modate most of the foreseen short -
te rm needs including ins t rumenta­
t ion for a f irst investigative phase. 
Fresh external efforts wou ld be 

required to bring about a solut ion of 
the heavy ion injection ins t rumenta­
t ion problem (source, pre-linac low 
beta structure, etc.). On the other 
hand, GSI Darmstadt has a proposal 
to build a synchrotron (SIS) for such 
research (see October issue, page 
2 9 8 ) . A t Berkeley the more amb i ­
t ious VENUS project calls for a 
superconduct ing intersecting stor­
age ring for 2 0 on 2 0 GeV per 
nucléon coll isions (see December 
1 9 7 9 issue, page 4 0 6 ) . 

In general it was felt that the 
Workshop succeeded in st imulat ing 
particle and nuclear physicists to 
consider fu ture col laborations to in­
vestigate these intriguing questions. 

UNILAC experiments 
One of the main themes in the cur­
rent exper iments at the Darmstadt 
UNILAC is the quest ion of the 
boundaries of nuclear stabil i ty — 
whether in the chart of nuclides or in 
extreme states of excitat ion. The 
latter are obtained in heavy ion col l i ­
sions w h e n the coll ision energy is 
just be low the Coulomb barrier so 
that very high electromagnet ic 
forces determine the interaction. In 
these coll isions, the excitat ion of 
very high nuclear angular momenta 
(up to 5 0 units) is observed. 

These nuclear states can be 
understood by considering the nu­
cleus as a classical object w i t h fo rm, 
momen t of inertia, viscosity and sur­
face fr ict ion. The upper l imit of angu­
lar m o m e n t u m is given by the loss of 
balance of attract ive and centr i fugal 
forces and wha t are perhaps at f irst 
sight surprising effects in the exci ta­
t ion energy /angu lar m o m e n t u m 
correlat ion can wel l be described by 
the act ion of Coriolis forces upon 
single nucléons. 

En route to the l imits of stabil i ty in 
the chart of nuclides, more than sixty 
new isotopes have been identif ied. 
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A view of the cold neutron channels in 
operation in the neutron experimental area 
of the new KEK Booster Synchrotron 
Utilization Facility. 

(Photo KEK) 

among them te l lur ium 107 , the l ight­
est alpha-emit ter. But all a t tempts 
have fai led to f o r m nuclei wh ich emit 
protons f r om their ground state or 
have charge and mass higher than 
the known exist ing elements. Trying 
all the promis ing nuclear reactions, 
the upper l imits for the product ion 
cross-sect ion of any such super­
heavy e lements have been estab­
lished at values of 1 0 " 3 2 to 1 0 " 3 6 c m 2 , 
cover ing l i fet imes f rom 1 0 " 6 t o 1 0 + 9 s . 

Chemical methods combined 
w i t h f iss ion- f ragment detect ion and 
t ime-of - f l ight w i t h k inemat ic co inc i ­
dence techniques were used, as wel l 
as a special ly-designed device for 
the rapid separat ion, detect ion and 
measurement of decay modes for 
complete- fus ion reaction products. 
By this method, isotopes of the ele­
ments 1 0 4 and 105 were produced 
by fusion of t i tan ium and l e a d / 
t h o r i u m / u r a n i u m . 

To cover extreme possibil i t ies, 
cur ium targets were used w i th a 
uranium beam. From a technical 
point of v iew, the handl ing of cur ium 
targets introduces considerable dif­
f icult ies, apart f r om the fact that 
cur ium is only available in quant i t ies 
of several hundred mi l l igrams w o r l d ­
w ide (the targets were f r om Oak 
Ridge / Livermore / Los Alamos) . 
Measur ing the three-part ic le exit 
channel of this very heavy coll ision 
system, products w i t h nuclear 
charges of up to 115 were observed. 
However there are several indica­
t ions that these products do not 
reach thermal equi l ibr ium, so they 
cannot be called nuclei. Al l these 
invest igat ions are cont inu ing sys­
tematical ly and are being refined. 

A tom ic physicists have fastened 
onto a special quality of the UNI LAC. 
Rather than using it as an accelera­
tor, they see it as a source of highly 
charged ions. For th is purpose, the 
last U NI LAC sect ion of t w e n t y single 
gap resonators is used to decelerate 

the ion beam after it passes through 
a str ipper foi l at 5.9 M e V per 
nucléon. In this w a y highly charged 
ions at energies be low the nuclear 
reaction barrier are made available. 

KEK 
Exploiting the Booster 
The new KEK Booster Synchrot ron 
Uti l ization Facility s tar ted operat ion 
on 16 June. This makes use of about 
three-quarters of the 5 0 0 MeV 
booster beam not injected into the 
main ring, wh ich uses nine 2 0 Hz 
pulses w i th a repet i t ion t ime of 2 s. 
The new faci l i ty caters for three 
kinds of research — neutron scat ter­
ing experiments, pion and muon 
studies, and medical research. 

The neutron project has been pro­
moted mainly by a group f rom 
Tohuko University and has been 
funded by KEK. The pion and muon 

project is in the hands of the Meson 
Science Laboratory of the University 
of Tokyo (see October issue, page 
3 0 2 ) . Construct ion of the bui lding 
and the experimental apparatus fc 
these t w o projects w a s star ted in 
1 9 7 7 and w a s recently completed. 
A f te r prel iminary test runs, the 
neutron faci l i ty became available for 
users in November. 

The four th ICANS (International 
Col laborat ion on Advanced Neutron 
Sources) meet ing was held at KEK 
f r om 2 0 - 2 4 October, whi le f inishing 
touches were being put to the 
neutron facil i ty. Abou t 9 0 physicists 
part ic ipated, including about 4 0 
f rom abroad. 

Construct ion wo rk wi l l soon begin 
for the other part of the new facil i ty, 
for medical research. As these s tu ­
dies wi l l be very dif ferent to high 
energy physics, the medical research 
centre wi l l belong to and be operated 
by the University of Tsukuba. 
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SIN 
More on dibaryon 
resonances 
There is a lot of in terest both theo­
retical and experimental , on the 
quest ion of whe ther or not dibaryon 
resonances exist. Data on this con ­
troversial topic has been provided by 
an exper iment at SIN by the Karls-
r u h e / S I N / E r l a n g e n / N u r n b e r g / B r i -
t ish Columbia / Grenoble group 
work ing w i t h the SIN pion spec­
t rometer and high resolution pion 
beam has recently obtained data on 
the vector analysing power ( i t n ) in 
elastic posit ive pion-deuteron scat­
ter ing. The pion spect rometer was 
used in conjunct ion w i th a polarized 
deuter ium target and the data were 
taken at a number of scatter ing 
angles for incident pion kinetic ener­
gies of 142 and 2 5 6 MeV. The 
results are shown in the f igures, 
where compar isons are made w i th 
calculat ions w i t h and w i thou t the 
inclusion of dibaryon resonances. 
The dashed curves are the results 
f r o m Faddeev calculations w i thou t 
dibaryons, and this predict ion can be 
seen to agree wel l w i t h the data at 
1 4 2 MeV, but not at the higher ener­
gy. The solid curves are those der­
ived by Kubodera et al including the 
effect of var ious possible dibaryon 
states. The dibaryon of given angular 
m o m e n t u m J couples to t w o pion 

Results from a SIN experiment which provide 
more evidence for the existence of dibaryons. 
The data show the vector analysing power 
(itjj) as measured in the elastic scattering 
of positive pions off a polarized deuterium 
target at two different pion kinetic energies 
(142 and 256 MeV). The dashed curves 
show the results of calculations without 
dibaryons, which agree well with the data 
at 142 MeV, but not at the higher energy. 
The solid curves show the results of 
calculations including various possible 
dibaryon resonances for different mixtures 
of possible angular momentum states. These 
seem to follow the oscillation effect seen 
at the higher energy. For detailed explanation, 
see text. 
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A major new experiment is being constructed 
in the Brookhaven neutrino beamline by a 
Brookhaven/Brown/KEK/Osaka/ 
Pennsylvania/Stony Brook/Tokyo 
collaboration. Top photo shows a general 
view of the new blockhouse, while the 
bottom view is of the equipment being 
installed inside. Eventually this will comprise 
150 tons of liquid scintillator, interspersed 
with drift tubes. The experiment is designed 
primarily to study the elastic scattering of 
neutrinos from electrons and protons, but 
will also be used to look for neutrino 
oscillations. 

(Photos Brookhaven) 

angular m o m e n t u m (L^j states in 
the pion-deuteron channel : Ln-
J ± 1. The various solid curves are 
labelled by the mixing parameter 
(this has a value of 1 0 4 for = J+1 
coupl ing, and zero for Ln = J - 1 ). 
Whi le the convent ional theory fails 
to reproduce the data at the higher 
energy, the observed osci l lat ions 
w i t h angle are wel l reproduced by 
the calculat ion including the effect of 
dibaryon resonances. This result is 
considered to be good evidence for 
the presence of at least one dibaryon 
resonance in the p ion-deuteron 
channel. Independent of any model , 
the observed osci l lat ion of the vector 
analysing power is direct evidence 
for a st rong contr ibut ion f rom a 
higher partial wave interfer ing w i t h 
the background. The group wi l l con ­
t inue their measurements at other 
energies in January. 

CÊRN 
Omega's worth 
One aspect of the physics being 
carried out at today 's big machines is 
the move t o w a r d detector ' faci l i t ies' 
— flexible, user-fr iendly spectre 
meters wh ich can be easily used or 
quickly adapted for a w ide range of 
experiments, cater ing for the dif fer­
ent requirements of a relatively large 
number of users. 

A good example of such a detec­
tor, wh ich has been in use for some 
t ime w i t h notable success, is the 
Omega spect rometer in the W e s t 
Experimental Area at CERN. A t the 
recent Cogne meet ing to appraise 
the past achievements and discuss 
the future p rogramme at the SPS 
(see page 3 9 4 ) , Omega was highly 
commended for both the range of 
exper iments wh ich it has been pos­
sible to cover, and the speed and 
ease w i t h w h i c h these studies have 
been completed. W i t h other general -
purpose spect rometers being built or 
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Typical event as recorded in the Omega 
spectrometer at CERN, now with its original 
spark chambers and TV readout system 
replaced by multiwire proportional counters. 

considered. Omega could be an 
example of how physics wi l l be done 
in the future. 

The large spectrometer , equipped 
w i t h a superconduct ing magnet , 
w a s originally built fo r use at the 
2 8 GeV proton synchrot ron and was 
used by a number of teams f r o m 
1 9 7 3 - 5 . It was then upgraded for 
use at the SPS — n e w computers 
were installed for data acquisi t ion 
and moni tor ing, downs t ream lever-
arm drift chambers were added and 
mul t iw i re chambers incorporated 
near the target for bet ter t rack reso­
lut ion. Other improvements included 
an addit ional Cherenkov counter and 

ie OLGA elect romagnet ic shower 
counter. The central region of the 
detector still conta ined the original 
opt ical spark chamber conf igurat ion 
w i t h TV readout. 

In this f o rm. Omega catered for 
eight dif ferent exper iments and 
1 3 5 physicists dur ing the f irst t w o 
years of SPS operat ion, including the 
very f irst physics ever t o come f r o m 
the new CERN machine — a c o m ­
parison of the product ion rates of 
J / p s i s by dif ferent part ic les (see 
May 1 9 7 7 issue, page 150) . Other 
results included the f i rst data f r o m 
w h a t was to become a very f ru i t fu l 
col laborat ion s tudying high energy 
photoproduct ion, using a 2 0 - 7 0 
GeV beam w i t h a ' tagg ing ' sys tem 
giving the energies of individual pho­
tons. Baryonium reports came and 

went , and study began of the inter­
act ion of high energy ant iprotons. As 
wel l as unseparated hadron beams 
of energies up to 8 5 GeV, Omega 
users also had separated beams of 
energies up to 2 0 GeV thanks to the 
special superconduct ing radiofre-
quency equipment developed in co l ­
laborat ion w i t h Karlsruhe. This 
greatly enhanced the available levels 
of kaons and ant iprotons. 

Dur ing this t ime, new electronic 
readout and tr igger ing systems 
worked wel l and a l lowed rapid 
changeover be tween di f ferent ex­
per iments. However the l imi tat ions 
of the basic detector, especially due 
to the TV readout, were becoming 
evident at the SPS energies and 
event rates. 

In November 1 9 7 7 , the 'Omega 
Prime' project was approved. The 
original spark chambers were re­
placed w i t h mul t iw i re proport ional 
counters, t rack analysis w a s o p t i m ­
ized and the computer sys tem 
improved. This new Omega conf igu­
rat ion star ted work in May 1 9 7 9 , but 
already by the t ime of the SPS shut ­
d o w n in June of this year it had 
carried out seven exper iments and 
three tests for a commun i t y of 1 7 0 
physicists. 

The tradi t ion of photoproduct ion 
studies has been cont inued, prov id­
ing some examples of new heavy 
mesons (see Apr i l issue, page 59) , 
and useful results on charm produc­

t ion, including F mesons and the f irst 
example of double charm photopro­
duct ion (see November issue, page 
3 6 0 ) . The baryonium hunt has been 
dut i ful ly cont inued, but no candidate 
has w i ths tood the test of con f i rma­
t ion. 

W i t h the new Omega sys tem, 
operat ion has been very reliable and 
rapid sw i tches have been possible 
f r o m one exper iment to another. 
Good, we l l -mon i to red data has been 
obta ined, and exper iments have 
been comple ted quickly, w i t h some 
groups even having physics results 
before their runs were complete. 

For the next step, it is hoped to 
move towards higher beam ener­
gies. W i t h hadron and photon beams 
of hundreds of GeV, a detai led study 
could be made of the basic interac­
t ions be tween quarks, gluons and 
photons. This wou ld provide a c o m ­
parison of hadron- and pho ton -
induced reactions, together w i t h a 
thorough study of the f inal states. 

More hyperon results 
The study of hyperons is steadily 
accumula t ing a list of results wh ich 
require explanat ion. The recent spin 
sympos ium at Lausanne (see Nov­
ember issue, page 3 3 5 ) again under­
lined the mystery of why the hype­
rons produced in high energy p ro ton-
nucleus scat ter ing should be polar­
ized. In addi t ion, the relative values 
of the hyperon magnet ic momen ts 
also provide food for thought . 

Some more interest ing hyperon 
results, th is t ime on hyperon cross-
sect ions, come f rom the B r i s t o l / 
C a m b r i d g e / Geneva / H e i d e l b e r g / 
Lausanne / Queen Mary C o l l e g e / 
Rutherford col laborat ion using the 
charged hyperon beam at the CERN 
SPS. This beam has already pro­
v ided examples of the decays of the 
rare omega minus baryon (see J u l y / 
Augus t 1 9 7 8 issue, page 2 5 7 ) and 
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A schematic of the apparatus using colliding 
ion and photon beams at Los Alamos which 
has produced some new atomic physics 
results. 

has al lowed measurements to be 
made on the relative product ion 
rates of hyperons and their ant ipar t i -
cles (see J u l y / A u g u s t 1 9 8 0 issue, 
page 2 0 4 ) . 

The exper iment has measured the 
total cross-sect ions of negative 
s igma and ksi part icles on both pro­
tons and deuterons (thus enabl ing 
the cross-sect ion on neutrons to be 
extracted). The s igma particle data 
are taken at f ive beam momen ta 
be tween 7 4 and 1 3 7 G e V and 
achieve an accuracy of one per cent 
or better, wh i le the ksi results, w i t h 
similar stat ist ical accuracy, come 
f rom momen ta of 101 and 
1 3 4 G e V . Data is also taken for 
ant iprotons, and these results are in 
good agreement w i t h earlier Fermi-
lab data. 

The dif ferent hyperon-nucleon 
cross-sect ions decrease strongly 
w i t h increasing strangeness, and 
rise steadily w i t h increasing energy. 
Their behaviour is not accounted for 
by any convent ional quark model 
w i t h complete success. The only 
model agreeing w i t h the data is an 
empir ical idea put fo rward by Harry 
Lipkin, using an unusual t w o - c o m ­
ponent Pomeron, one part of wh ich 
has some SU3 dependence. 

The CERN experiment has also 
given useful indications of the 
format ion of higher hyperon reson­
ances, and this study is to be 
cont inued. 

LOS ALAMOS 
Photon-ion colliding 
beams 
A n inventive appl icat ion of the co l ­
l iding beam technique to atomic 
physics is being carried out at 
LAMPF by a N e w Mex i co /Los A l a ­
mos /Connec t i cu t col laborat ion. It 
involves intersect ing a laser beam 
w i t h the LAMPF 8 0 0 GeV negative 

hydrogen ion (H - ) beam, f rom wh ich 
a rich spect rum of unbound resonant 
states of electrons and hydrogen 
a toms is produced by photodetach-
ment. In addi t ion, magnet ic f ields are 
applied to study the result ing Stark-
effect modi f icat ion of the reson­
ances in the ions' rest f rame. 

The H" ion (which contains a pro­
ton and t w o electrons) has at t racted 
much theoret ical at tent ion as a prov­
ing ground for models and their 
extension to more compl icated sys­
tems. The ion is a prototype three-
body system for wh i ch an exact 
quan tum solut ion is not yet avai la­
ble, a l though good approximat ions 
can be obtained. Unfor tunately the 
resonance region of the H - ion is 
dif f icult to study experimental ly. The 
photon energies for photodetach-
ment lie in the vacuum ultraviolet 
region where no tunable laser yet 
exists. The electron-hydrogen a tom 
react ion is complementary to pho-
t o n - H - , but a suff icient ly monochro ­
matic electron beam and atomic 
hydrogen source have not yet been 
available. Stark-ef fect studies on the 
lower- ly ing states of hydrogen re­
quire electric f ields of the order of 
M e g a v o l t s / c m , wh i ch are not 
attainable under laboratory con ­
dit ions. 

The photodetachment team at 
LAMPF has overcome these di f f icul ­
ties by exploi t ing the large Doppler 
shift of an ordinary ultraviolet laser 

to obtain photon energies f r om 
0 .35 eV to 2 0 eV in the rest f rame of 
the ions. In addi t ion an 0 .22 T elec­
t romagnet produces an electric f ield 
of 1 M V / c m in the ions' rest 
f rame. 

The H" sys tem has a stable state at 
0 .75 eV. All excited states are un ­
stable and de-exci tat ion occurs 
mainly via autodetachment . The 
experimental technique relies on 
detect ion of the ejected electron 
( 4 4 0 keV in the lab frame) to 
observe the reaction. 

The experimenters originally set 
out to observe the shape' resonance 
that lies just above the n (principa 1 

quan tum number) = 2 threshold 
the parent hydrogen a tom. A l though 
the shape resonance had been seen 
in electron scat ter ing f rom hydro­
gen, a t tempts to f ind it in an arc 
discharge plasma and in stellar spec­
tra had fai led. The exper imenters not 
only observed the shape resonance, 
but also saw for the f irst t ime the 
Feshbach resonance just be low the 
n = 2 threshold of the parent a tom. 
Due t o its nar row w id th , the Fesh­
bach resonance was thought to be 
unobservable. 

Both the shape and Feshbach 
resonances can be pictured as dou ­
bly-excited states in wh i ch one of 
the electrons is momentar i ly con ­
f ined w i th in the potent ial wel l 
f o rmed by the excitat ion and polar i ­
zation of the residual neutral a tom. 
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The Los Alamos experiment set out to look at 
the 'shape' resonance of the negative 
hydrogen ion which lies just above the n 
(principal quantum number) = 2 level of the 
hydrogen atom. In fact they also observed 
the nearby Feshbach resonance, previously 
thought to be unobservable. 

Feshbach resonances appear just 
below the various excitation thresh­
olds of the hydrogen atom and can 
be thought of as virtual bound states 
of electrons and excited atoms. The 
name owes itself to the Feshbach 
projection technique that was origi­
nally developed in nuclear theory. 
Shape resonances on the other hand 
appear just above excitation thresh­
olds and can be thought of as an 
electron trapped in the centrifugal 
barrier created by the combination of 
its angular momentum and the 
potential of the polarized hydrogen 
atom. Near the n = 2 level the shape 
resonance is relatively narrow due to 
the thickness of the potential barrier 
and its proximity to threshold. 

The failure to observe the shape 
resonance in the arc discharge 
plasma has been attributed to Stark 
broadening by fields in the plasma. 
The LAMPF investigators applied an 
electric field to the interaction region 

to check this idea. At the highest 
fields then available (about 1 M V / 
cm) the shape resonance was 
almost unaffected. However at fields 
of about 0.1 MV/cm the Feshbach 
resonance split into three compon­
ents and then disappeared. This is 
attributed to Stark mixing of the 
p-state (unit angular momentum) 
Feshbach with a nearby s-state 
(with n = 2 and zero angular momen­
tum). 

The experimenters have since 
observed other resonances near the 
n = 3 threshold, and another Stark-
induced resonance, and have begun 
an investigation of double photo-
detachment and neutral atoms. Fu­
ture work will include high field stu­
dies to see where the shape reson­
ance quenches. An important practi­
cal application has been for time-
resolved energy measurements of 
the LAMPF beam. Future applica­
tions may include the generation of a 

Cross-section for photodetachment of 
negative hydrogen ions near the n-2 level 
of the parent atom, showing the Feshbach 
(left) and shape resonances. The line is a 
theoretical prediction, and the cross-section 
is in units of squared Bohr radius. 

monochromatic hydrogen atom 
beam using the narrow Feshbach or 
Lyman-alpha resonances to select a 
narrow velocity group. 
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Physics monitor 

The quest for pion 
condensation 
Some two thousand different nuclei 
have been studied, covering a wide 
range of different proton/neutron 
configurations. However the bulk 
properties of all these nuclei are 
much the same, which means that 
the range of nuclear matter accessi­
ble to experiment is limited. Recently 
this has led to the speculation that 
nuclear matter under different con­
ditions (pressure, temperature, etc.) 
could have properties very different 
to conventional atomic nuclei. Nu­
clear theoreticians are confident that 
the first conclusive signs of such 
interesting new behaviour will soon 
be discovered. 

These theoretically-proposed nu­
clear properties reflect new aspects 
of the meson exchange forces at 
work in nuclear matter. For a number 
of reasons, the pion is predicted to 
play an especially important role in 
these phenomena, which are known 
as 'pion condensation'. Under defin­
ite conditions (critical points), nu­
clear matter is predicted to undergo 
abrupt changes in composition and 
properties (phase changes), analo­
gous to the well-known critical phe­
nomena (boiling, freezing, etc.) seen 
in other branches of physics when 
matter changes its macroscopic pro­
perties. Pionic phase changes would 
manifest themselves as a drastic 
reordering of the usual nuclear struc­
ture, with pions (or pion-type be­
haviour) much in evidence. 

These speculations could soon 
become a reality, as the observed 
pion-nucleon scattering behaviour, 
together with information on pion-
nucleon interactions gained from 
experiments with pionic atoms 
(atoms where the usual orbital elec­
trons are replaced by pions), indi­
cates that the onset of pion conden­

sation could show up under nuclear 
conditions not too different from 
those of actual nuclei. For this rea­
son, pion condensation and its impli­
cations have become a vital new 
issue in nuclear physics. 

Why condensation of pions and 
not other particles ? The pion is by far 
the lightest of the strongly-interact­
ing particles, so that it is relatively 
easy for it to be bound to a nucleus 
tightly enough for all its rest mass to 
disappear. At the same time, the 
pion wave packet has dimensions 
comparable to internuclear spacing, 
so that nuclear matter looks fairly 
homogeneous to a pion. The pion 
also experiences a special nuclear 
attraction, as indicated by the exist­
ence of pion-nucleon resonances. In 
addition, waves carrying both spin 
and isospin can be set up in nuclear 
matter, analogous to the phonons 
(sound waves) in elastic solids. 
These waves can have the same 
quantum numbers as pions and cou­
ple strongly to them, so contributing 
to the attraction. 

A simple model can be used to 
illustrate the principle of pion con­
densation. Suppose we have initially 
a (hypothetical) system composed 
entirely of neutrons. These particles 
are fermions obeying the Pauli 
Exclusion Principle, so that each 
allowable energy level up to the 
Fermi energy of the neutrons will be 
populated by a single neutron. 

While an isolated neutron cannot 
decay into a proton and a (negative) 
pion, the conditions (density, tem­
perature, etc.) of the assembly of 
neutrons could be such that the 
neutron and proton Fermi energies 
permit the neutrons occupying the 
higher energy levels to decay into 
protons and pions. This process 
would then continue until the differ­
ence between the neutron and pro­
ton Fermi energies becomes less 
than the pion rest mass. At this point 

Observed behaviour of the magnetic form 
factor for electron scattering from the 
15.1 MeV level of carbon-12. The curves 
are for different values of a renormalization 
parameter for the pion field. As this 
parameter nears a critical value, there is 
good agreement with the data. This could 
mean that the onset of pion condensation 
is being seen. 

the process stops. Unlike the nu­
cléons, the pions are bosons and can 
all coexist in the lowest available 
energy level (Bose condensation). 
This will result in a strong pion field in 
the nuclear sample. 

For this process to happen, the 
critical (neutron) density has to be 
about four times that of ordinary 
nuclei, so is of little relevance to 
laboratory experiments, although it 
could be important in neutron stars. 
The mechanisms which are pro­
posed for pion condensation in 
actual nuclei are somewhat more 
elaborate. 

At present there is no conclusive 
evidence that a pion condensate has 
been seen in actual nuclei. But even 
if the actual phase transitions of pion 
condensation may be out of reach in 
the laboratory, the onset of any 
phase transition is usually accom­
panied by local fluctuations due to 
the growing instability of the sample. 
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PEP talk 

A t the crit ical point, any t ransient 
local reordering becomes a long 
range effect wh i ch spreads across 
the who le sample. 

These crit ical ef fects result ing 
f r om local reorderings w o u l d be 
expected to show up in a number of 
ways. Instead of fal l ing off exponen­
tially, Yukawa-s ty le , as in isolated 
nuclei, the nuclear pion f ield is 

<pected to spread out as the c o n ­
densat ion point is approached. In 
addit ion, the pion f ield is expected to 
oscil late, so that all k inds of new 
effects could be expected. (Con­
di t ions for the fo rmat ion of pion 
condensates are more favourable in 
neutron stars for example, but ev i ­
dence, and conclusions, are neces­
sarily more indirect.) 

The present at t i tude seems to be 
not whether pion condensat ion wi l l 
be found, but when . A l ready some 
phenomena are seen w h i c h could be 
due to enhancements of the pion 
f ield in actual nuclei. For example the 
propert ies of the 1 5.1 M e V level of 
carbon-12 cannot easily be ex­
plained in convent ional t e rms and 

ould be indicative of the onset of a 
j c lea r crit ical point (see December 

1 9 7 9 issue, page 4 1 1 ) . However 
more work is required to pin d o w n 
these new effects. 
(For more current ideas on 
possible new nuclear behaviour, 
see the report on the recent 
Heavy Ion Workshop at Darmstadt 
page 396.) 

The S LAC landscape, with the linac coming 
in from the top left. The service road for 
the PEP electron-positron ring and the 
buildings at the intersection areas can be 
clearly seen at the bottom. Not visible is 
Leon Lederman giving an entertaining speech 
at the PEP dedication banquet on 
5 September. 

(Photo Joe Faust) 

The newly operat ing PEP e lect ron-
posi t ron storage ring, bui l t by the 
Berkeley and Stanford Laboratories, 
w a s dedicated on 5 September. A t 
the banquet, Fermilab director Leon 
Lederman was as usual in great f o r m 
— here are some extracts f r om his 
speech. 

I have been concerned t o under­
s tand w h y I was chosen for th is 
great honour — to speak at such an 
historic occasion. Is it tha t I am 
known as a dedicated sc ient is t? I've 
been involved in the dedicat ion (in 
one w a y or another) of a large n u m ­
ber of accelerators. S o m e h o w these 
accelerators overcome this handi ­
cap and manage to do great science 
anyway. This is however the f irst 
machine I've been involved in ded i ­
cat ing in wh i ch I have no exper iment. 
I th ink this could be a bad o m e n so I 
brought along a modest proposal.. . 

Seriously I decided, after ref lect­
ing on my th i r ty- f ive years in physics. 

t o take three aspects of this s tandard 
career and make three so lemn and 
related points. 

Could I have been invited because 
of my teaching career? I probably 
hold some kind of record in part icle 
physics w i t h f i f t y - two or so Ph. D.s, 
most of whose theses I have person­
ally rewr i t ten . It isn't easy. You sit 
d o w n at midn ight after a hard day in 
the lab w i t h a nicely typed, bound 
thesis of your best s tudent (call h im 
Fauntleroy Rabinowitz to protect liv­
ing persons). This s tudent is g o o d ! 
Harvard College, A+ whiz in the lab, 
hardware / so f tware, etc.... You 
should read his so f tware — it is 
absolutely lyrical. W e thought of h im 
as the Emily Dickinson of machine 
assembly language. He could do 
Feynman d iagrams w i t h one hand 
and w i t h the other hand, be on the 
te lephone, arguing d o w n the price of 
phototubes. He worked like a dog 
sixteen hours a day for three years. 
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Leon Lederman giving one of a series of 
Saturday morning talks on particle physics 
to high school students. The ten-week series 
takes the students through relativity, 
quantum mechanics, accelerators and 
detectors, quarks, cosmology and even spin­
offs. Many Fer mi lab physicists are 
participating in the programme. 

(Photo Fermilab) 

making apparatus work , curing 
background problems, crit ically ana­
lysing data... and his thesis is 9 0 per 
cent THEORY! ' In 1 9 3 5 Yukawa 
discovered the pion... ' Then there is 
his command of language: listen to 
this pinnacle in the saga of mixed 
metaphors: T h i s is a f ield of physics, 
so virginal that no human eyeball has 
ever set foot in it.' 

Another one of my great students, 
Irving Tweed-Harr is , came f rom an 
old Brit ish fami ly that invented the 
hyphen, much used in physics today. 
Tweed-Harr is i l lustrates fai lures in 
other educational systems. Af ter the 
standard Brit ish period of general 
educat ion, Tweed-Harr is began spe­
cializing in the pion-nucleon problem 
at the age of nine ! 

In the easy informal i ty of the grad­
uate student lounge at Columbia 
they used to call h im Mr. T w e e d -
Harris, Sir. He was just not the sort 
you could call Irving. His thesis also 

began w i th stuff about Yukawa. 
Of all the informal and formal 

courses I have taught — the most 
dif f icult one by far was the 'Physics 
for Poets'. The Columbia Lib Ar ts 
students were b r i gh t and sceptical. I 
looked at t h e m as fu ture newspaper 
editors, lawyers, company execu­
tives, Congressmen — in all aspects 
of industry and government. I had 
t hem for three hours a week for a 
year — wha t an oppor tun i ty and 
wha t a responsibil i ty ! Could my phy­
sics course influence their way of 
though t? Could I dif fuse an appre­
ciat ion of the scientif ic at t i tude deep 
enough to affect their personality, 
their judgement and tas te? It was 
diff icult and I really don ' t know how 
successful. Richard Feynman is bet­
ter at it. W h o can forget his method 
of explaining veloci ty as a ratio of 
inf ini tesimals? 

Cop: Lady, you were speeding. I 
c locked you at 6 0 miles an hour. 

Motor is t : That 's r idiculous. I've 
only been driving for f i f teen m in ­
u tes ! 

N o w when w e realize that I and 
perhaps as many as twen t y or so of 
my equivalents can reach a f e w 
thousand students a year — w e see 
the magni tude of the problem faced 
by science in wha t may be an issue 
as large as the survival of democracy 
in the technological age. H o w ca 
w e maintain democracy if the citi 
zens are scientif ically i l l i terate? In 
general the college science require­
ment doesn' t wo rk and the problem 
is compounded by the il l iteracy of 
the teachers in the private and 
secondary schools. A n d yet there are 
large efforts going on and much 
concern. For all I know there are 
special commi t tees w i t h the respon­
sibil ity to do someth ing. 

The problem is not newly per­
ceived. There have been alarms in 
ever-increasing intensity since 
Wor ld W a r II. The possibil i t ies for 
improvement are vast. W e have 
compulsory educat ion. W e have pr i ­
vate and secondary schools. W e 
have an impressive college popu­
lation and w e have the TV. W e have 
succeeded in educat ing people t o 
accept inoculations, drink f luor in-
ated water , jog and quit smoking. Do 
w e have the clout to install a long 
range and insidious p rogramme of 
foster ing public understanding of 
science? 

Of course w e have to be clear 
ourselves as to wha t are the key 
issues: Are there l imits to science 
capabil i t ies? H o w does one dist in­
guish be tween good and bad tech ­
nology ? Can there be such a th ing as 
a dumb Ph. D. in physics? 

It seems obvious to me that the 
responsibi l i ty for f inding a solut ion is 
in the University, both for its s tu ­
dents and for the w ider communi ty . 
Install a four year science require­
ment — sponsor pr ime t ime TV 
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Leon Lederman: 'theorists get too much 
credit'. Here he is (looking for theorists?) 
at a buffalo roast at Fer mi lab. 

(Photo Fer milab) 

science spectaculars,.. . I don ' t know 
but do someth ing ! 

The next topic relates to my exper­
ience and involvement in the content 
of particle physics. I th ink that most 
of the spouses, non-physic ist types 
w h o have some relat ionship to a 
particle phys ic is t must catch some 
of the intense exci tement that char­
acterizes the f ield today. It is fair t o 

gy that w e are now in the midst of 
ne of these rare revolut ionary per­

iods — that come once every twen ty 
to th i r ty years. If w e recognize Rela­
t iv i ty and Quantum Theory as t w o of 
the great intel lectual revolut ions, w e 
are in the midst of a th i rd one now. It 
doesn' t yet have an agreed-upon 
name — Const i tuent Theory, Grand 
Uni f icat ion. . . 

The trouble w i t h this period is that , 
as w i t h all previous revolut ions, the 
theorists get much too much credit. I 
don ' t wan t to discuss Einstein and 
Dirac because they aren' t here to 
defend themselves but w h e n you 
th ink of how long it took the current 
heros to come up w i t h quarks and 
Quantum Chromodynamics, after a l ­
mos t rubbing the data up their noses, 

i d then to know that fu ture gener­
at ions wi l l only know about a f e w 
theor ists ! 

W e were f inding new part icles 
like mad f rom 1 9 5 0 to 1 9 6 4 before 
theorists f inally came up w i t h 
quarks as the underly ing scheme. 
W e discovered the second neutr ino 
in 1 9 6 2 and it should have been 
total ly obvious that w e needed a 
charmed quark but it took theore t i ­
cians several years to see it. A n d I 
could go on. 

W h a t gets me is tha t they are so 
over-conf ident. Theoret ical over-
conf idence is probably the wors t 
problem w e face. Shor tage of f u n d ­
ing comes next. 

But still it is an exhi larat ing t ime 
and I'd like to tell you one fascinat ing 
story to i l lustrate this. 

If I t r ied to characterize the results 
of the past t w o decades' probing of 
inner space, using accelerator-
microscopes of ever increasing p o w ­
er, it is that — as w e zoomed d o w n 
and d o w n past the a tom, into the 
nucleus, focus sharp! Zoom into the 
nuclear proton — at first, a fuzzy 
cloud — then, three sharp but rapidly 
mov ing objects. . . and d o w n . . . and 
suddenly w e were making quant i ta ­
t ive measurements of the mot ions of 
these quarks, we were detect ing 
evidence of the glue that binds t hem 
together, and f inding that , in the 
cloud-l ike envi ronment of the quark 
there were traces of a new and 
unsuspected family. And then, w h e n 
w e look up f rom our accelerator-
microscope, across the room our 
astrophysics colleagues look away 
f r om their telescopes. W e talk and 
w e f ind that w e are looking at similar 
things. 

They tell us that they hang on all 

deve lopments in particle physics 
w i t h great interest, that there 
wou ldn ' t be any sensible progress if 
they didn' t know about neutr inos 
and about quarks and about the 
quark forces. They are intensely 
interested in whether the proton — 
long thought to be perfectly stable — 
does in fac t have a measurable half-
life. In the past they needed to know 
about nuclear forces and beta decay 
to account for the sun's heat and the 
propert ies of neutron stars. But the 
story goes both ways — the cosmo-
logical evolut ions of the Universe 
has phases wh ich wou ld make even 
Fermi 's mythical globe-encircl ing 
accelerator look feeble. The early 
Universe (someone said) is an accel ­
erator laboratory w i t h a total ly 
unconstra ined budget. Some of this 
is conta ined in Steve Weinberg 's 
book. 'The First Three Minutes. ' (It 
sells like hot cakes because many 
people th ink it is a book on sex!) 
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Lederman paddling his own canoe (with the 
help of George Lu s te). 

(Photo Fermilab) 

At Fermilab where, in the next 
three or four years, w e hope to 
explore an energy domain wh ich is 
truly original, beyond any conf ident 
predict ion, w e are planning a long 
series of talks and symposia on the 
hints w e can get f r om both cosmo­
logy and cosmic rays. Because the 
interact ion is so fru i t fu l , we are c a m ­
paigning for the NASA Space Tele­
scope Inst i tute to be located at Fer­
milab so that astrophysicists and 
particle physicists can literally drink 
coffee and discuss. 

One specific issue that excites us 
has to do w i t h the neutr ino. 

This litt le fe l low has provided a 
steady diet of surprises ever since 
Pauli proposed it in 1 9 3 0 . Enrico 
Fermi named it and used it in the first 
mathemat ica l t rea tment of radio­
active decay. His propert ies as 
developed both experimental ly and 
theoret ical ly were bizarre. 

W e now know that there are three 
dif ferent varieties or famil ies of neu­
tr inos. Unti l recently most physicists 
believed (and many still do) that 
these were all massless, precisely 
zero mass and therefore a lways 
moving w i th the velocity of light. 

Recently there has been an accu­
mulat ion of evidence, none of it con ­
vincing, wh ich has raised the ques­
t ion of how 'zero' are the masses. 
These quest ions have profound 
philosophical impl icat ion — which 
tends to make physicists more cr i t i ­
cal of the data. 

The new evidence is quite c o m ­
fortably received by some theorists 
w h o are t ry ing to unify the weak, 
e lectromagnet ic and strong forces. 
In special cases of these new theo­
ries (modest ly ent i t led Grand Uni f i ­
cat ion), neutr inos do have small 
masses and could wel l 'osci l late' 
be tween themselves. But w h a t is 
the evidence? To me, the more fas­
cinat ing data come f r om our astro­
physics fr iends w h o tell us that they 

can measure the mass of a galaxy by 
the propert ies of hydrogen atoms 
that orbit the galaxy, The result of 
this we igh ing of the galaxy comes 
out much greater than the mass 
obtained by count ing stars and by 
wel l - tested rules associat ing mass 
w i t h luminosity. Where is the resi­
dual mass? Dark stars? Black 
holes? These possibil i t ies are made 
remote by the fact that the same 
data shows a cont inuat ion of mass 
density far away f r o m the boundary 
of the visible galaxy. Then, w h y only 
dark stars there and no bright ones ? 
One plausible hypothesis is that the 
unseen mass is vested in neutr inos 
wh ich fill the galactic environment. 
A n elementary calculat ion can ex­
plain the data if the neutr ino weighs 
more than 2 0 electronvolts (25 0 0 0 
t imes l ighter than the electron). 
Impl icat ions are profound for theo­
ries of the evolut ion of our Uni ­
verse. 

Neutr inos w i t h a rest mass of 
2 0 eV wou ld dominate the tota l 
mass of the Universe. If the mass of 
the neutr ino were heavy enough, this 
wou ld imply a gravitat ional mass 
density in the Universe suff ic ient to 
s low d o w n the present expansion. 
This expansion, wh ich began at the 
birth of the universe (Big Bang), 
wou ld eventually come to a halt. 
Pulled by the gravitat ional at t ract ion 
of the neutr inos (and more conven­
t ional stuff), all the mat ter in the 

Universe wou ld rush together to 
fo rm again the hot singularity, her­
alding a new cycle and so on ad 
inf in i tum. 

Various pieces of laboratory data 
f r om reactors, f rom accelerators and 
f rom our o w n sun suggest or tend to 
support the not ion that the neutr inos 
do indeed have a rest mass, but each 
one is f l awed and the issue is surely 
still open. New exper iments are now 
proposed — at reactors, at the large 
accelerators of Fermilab, Brook-
haven and CERN — to sett le this 
issue. The stakes are high in human 
comprehension of an enormous 
range of concepts: the basic laws of 
physics and especially the Grane 
Unif icat ion of Forces, the propert ies 
of particles of incredibly small 
dimensions, the mechanism of the 
sun's energy source, the signif icance 
of the Big Bang and the future evo­
lut ion of the Universe. These are the 
kinds of mind-boggl ing issues that 
the PEP experimenters wi l l deal w i th 
in the next years. 

I come now to my most recent 
activi ty — the administ rator or 
Director of Fermilab. N o w I get into 
problems of commun i t y ; w e are part 
of a nested set of communi t ies . Like 
the sequence of molecules to a toms 
to nuclei to quarks w e are part of a 
wor ld commun i ty of highly educated 
cit izens w i th a special responsibil i ty 
towards the preservation of the 
cultural heritage and the social we l l -
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being of this planet. W e are a c o m ­
munity, high energy physics, c o m ­
plete w i th all the internal dissension 
and compet i t ion that is so normal in 
famil ies. But on the occasion of this 
solemn pause for the dedicat ion of 
PEP w e stand together in mutual 
respec t love and awe at the heritage 
of our science. 

A n d basic research does (in spite 
I the grey areas and the diff icult ies 

j f r igorous definit ion) define a c o m ­
muni ty — again both cultural ly and 
socially. The mathemat ic ian, h o w ­
ever pure, is inf luenced by and con ­
tr ibutes to the developments in 
molecular biology. Cosmology and 
particle physics have never been 
closer; plasma physics supports 
fusion, physics of the upper a tmo ­
sphere and astrophysics. A n d al to­
gether, w e are construct ing wha t 
Viki Weisskopf calls ' . . .one of the 
great creations of contemporary cu l ­
ture : a vast intel lectual st ructure 
wh ich , on the basis of a f e w con ­
stants, provides a f r amework for a 
unif ied descript ion of the natural 
wor ld f rom the fiery beginning to the 

-existence of life on our planet.' 
W h e n you march for th to defend 

basic research you f ind there is no 
at tack! Everyone loves basic re­
search. So wha t are the dif f icult ies? 
Basic research or many of the basic 
research disciplines are in deep t r ou ­
ble. Let me take high energy physics 
where all major accelerator Labora­
tories are in serious dif f iculty and 
discuss it f r om only one direct ion — 
that is the f low of young physicists 
into the field. W e all know that grad­
uate student enrolment in physics is 
dramatical ly down . It is not unusual 
to see t w o physics professors — 
colleagues and fr iends for thir ty 
years — coming to b lows over the 
sponsoring of one mediocre grad­
uate s tuden t 

Look at the numbers of high 
energy physicists. Back in 1 9 6 5 , 

there were, in the US, 1 1 0 0 experi­
mental ists and about the same n u m ­
ber in Western Europe. Today in the 
US there are still 1 100 but there are 
2 0 0 0 in Europe. This comes f rom a 
region w i th the same GNP as the US 
and the same populat ion base. 

N o w I worry enormously about 
those missing 9 0 0 experimental 
particle physicists. Where are they? 
I'm not reassured if you tel l me they 
wen t to medical school — not that 
I'm against medical schools, I'd love 
to see so many doctors graduated 
that it wou ld not be unusual to have 
your doorbell ring and a neatly 
dressed young man carrying a little 
black bag ask if anyone is sick 
inside! 

I wor ry because one of t hem, 
turned off by a sour high school 
teacher, forewarned about job pros­
pects by a sincere college advisor, 
discouraged by public at t i tudes or 
his perceptions of them — this one 
guy puts on a backpack and camps 
out and the wor ld has lost a Newton 
or a Maxwel l or a Panofsky or a 
Jonas Salk or an Edison or a Ste in-
metz — someone w h o could just 
save the wor ld . 

To achieve an intellectual break­
through requires lots of delicately 
balanced condit ions but the one 
essential ingredient is the young 
mind and it is obvious that the wider 
the base, the better the chance. One 
loss could be disastrous if w e had to 
wa i t another twen ty or thir ty years. 
W e don' t have the t ime ! 

The books I have read teach me 
that societies vanished total ly or 
slept for centuries because of errors 
of judgement — by failures of the 
culture to adapt to the problems 
facing the society. 

A defensible perception of the 
problem facing us is that it is largely 
technological. It has to do w i t h four 
bill ion people and a scale of l iving 
wh ich cannot be set far lower than 

that wh i ch w e now enjoy. W e , the 
aff luent 2 0 per cent, have already 
made signif icant inroads on the nat­
ural wo r ld wh ich w e inherited f r om 
geological ages. It has to do w i t h 
minerals, laid d o w n over geological 
h is tory 'and now depleted. It has t o 
do w i t h natural geochemical cycles 
being accelerated. Atmospher ic 
trace contaminants can alter c l i ­
mate. H o w do w e extend a reasona­
ble standard of nutr i t ion, energy 
supply, health, t ransportat ion, shel­
ter to the other three bill ion people in 
the face of these issues ? It seems to 
me that this is the central quest ion, 
f i rst for science and technology, then 
surely for s tatesmen. This is w h y I 
wor ry so much about the missing 
9 0 0 physicists. 

PEP comes on w i t h some unusual 
handicaps. It is of course compet ing 
w i t h PETRA at DESY. It is late and it 
wi l l take all the ingenuity and imagi ­
nat ion that this great Lab, w i t h its 
great t radi t ions, can muster to catch 
up and show the wor ld that US 
physics is s t rong and that the large 
funds vested here are wel l spent. In 
this respect this Lab and this C o m ­
muni ty owe a t remendous debt to 
John Rees, the man on the f ront lines 
w h o led PEP construct ion, and to 
Burt Richter, w h o not only was a 
seminal f igure but had t ime to come 
and help me in my f irst shaky year at 
Fermilab. 

W e are a commun i ty and w e 
depend upon one another 's suc­
cesses. Good luck! 
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People and things 

At a special ceremony at Brookhaven to 
honour his distinguished career in physics, 
Maurice Goldhaber (right), receives a 
Festschrift from Gerald Fein berg of Columbia 
University. 

(Photo Brookhaven) 

New CERN Directorate Members 

At a recent CERN Council meeting. 
Director General designate Herwig 
Schopper announced further nom­
inations for the CERN Directorate. 
Erwin Gabathuler, now Leader of 
CERN's Experimental Physics Divi­
sion, becomes Director of Research 
from 1 January 1981. Also ap­
pointed Director of Research is 
Robert Klapisch, now Director of 
Research at the French Centre Na­
tional de la Recherche Scientifique, 
who takes office on 1 July 1981. 
Director of Administration from 
1 February 1981 is Rudolf Heyn 
presently Director, Physical and 
Life Sciences, Netherlands Ministry 
of Education and Science. Earlier 
this year, Giorgio Brianti was named 
as Technical Director, and Emi Ho 
Picasso as eventual LEP Project 
Leader. 

Festschrift for Maurice Goldhaber 

Over 300 of Maurice Goldhaber's 
friends and colleagues from around 
the world gathered at Brookhaven 
on 3 October to celebrate the pre­
sentation of a Festschrift honouring 
his distinguished career in physics. 
She/don G las how of Harvard, Sir 
Denys Wilkinson of Sussex Martin 
Deutsch of MIT, and Robert Mar-
shak of VP/ spoke at the afternoon 
symposium on a broad range of 
topics which reflected the remark­
able span of Goldhaber's scientific 
accomplishments. Following a 
reception and dinner, George 
H. Vineyard, Director of Brookhaven 
National Laboratory, and Gerald 
F. Tape, President of Associated 
Universities Inc. (AUI, which oper­
ates the Brookhaven Laboratory), 
shared their reminiscences with 
the guests. 

The climax of the evening was a 
Festschrift presentation by Gerald 

Feinberg of Columbia University. 
The articles deal with many areas 
of physics, including nuclear, parti­
cle, and atomic physics, as well as 
applications of nuclear techniques 
to medicine. The authors are well-
known physicists, including such 
luminaries as Edward Teller, and 
Nobel Prizewinners T D. Lee, 
C. N. Yang, and Rosalyn Y alow. 

Maurice Goldhaber was appointed 
AUI Distinguished Scientist in 1973, 
after serving as Brookhaven s Direc­
tor since 1961. He came to the 
Laboratory in 1950 as a Senior 
Scientist, following 12 years at the 
University of Illinois. Born in Aus­
tria, he received his Ph.D. from 
Cambridge University where he 
worked with Sir James Chadwick 
and R. H. Fowler at the Cavendish 
Laboratory. Dr. Goldhaber has been 
an adjunct Professor at the Institute 
for Theoretical Physics, SUNY, 
Stony Brook, since 1965. He is cur­

rently Vice-President Elect of the 
American Physical Society and will 
assume the presidency of the 
Society in 1982. 

His main research contributions 
are in the fields of nuclear physics 
and fundamental particles, and 
cover experiment systematics, tech­
nique and theory. He has partici­
pated in many discoveries, including 
the nuclear photo-effect the role 
of spin in nuclear reactions, slow 
neutrons (interactions and neutron 
detectors), the first observations 
of nuclear disintegrations in photo­
graphic emulsions, classification of 
nuclear isomers, the giant dipole 
resonance, the helicity of the 
neutrino, and the suggestion of a 
hydrogen-neon filling for bubble 
chambers. Dr. Goldhaber is now 
engaged in a large-scale search for 
proton decay with physicists at the 
University of California at Irvine, 
and the University of Michigan. 
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Construction of the drift chamber for the 
new Mark III detector for the SPEAR ring 
at S LAC. Mark III will take over the pit 
vacated by its predecessor, Mark II, after 
its move from SPEAR to the big PEP ring. 

(Photo Joe Faust) Ven iam in Sidorov 

The fiftieth birthday of Veniamin 
Sidorov was celebrated on 19 Octo­
ber. One of the pupils and collea­
gues of Gersh Budker, Veniamin 
Sidorov has contributed greatly to 

the construction of the first colliding 
beam accelerators at the Novosi­
birsk Institute of Nuclear Physics 
and to the experiments carried out 
with them. His name is associated 
with pioneer work on quantum elec­
trodynamics tests and on the inves­
tigation of vector mesons with col­
liding beams. He has also led exper­
iments which resulted in the first 
observation of two-photon produc­
tion of electron-positron pairs, the 
discovery of an anomalously high 
cross-section for electron-positron 
annihilation into hadrons, a high 
accuracy test of the equality of elec­
tron and positron magnetic mom­
ents, a high precision measurement 
of phi, psi and psi prime meson 
masses, etc. He has actively parti­

cipated in the strengthening of No­
vosibirsk collaboration with CERN, 
S LAC and other physics centres. 
All his friends add their warm con­
gratulations and best wishes. 

Gerald Tape is retiring as President 
of Associated Universities Incorpo­
rated which operates the Brook-
haven Laboratory. He has been as­
sociated with the Laboratory 
throughout its history. He will be 
succeeded by Robert Hughes. 

The Canadian Association of Physi­
cists' medal for Achievement in 
Physics was awarded this year to 
Bernie Margolis of McGill Univer­
sity, Montreal. He has made import­
ant contributions to the theory of 
coherent and incoherent particle 
production, to the understanding 
of the role of vector dominance in 
photoproduction experiments on 
nuclear targets and to the statistical 

bootstrap approach to multiparticle 
production experiments. In addition 
he has been a leader in the forma­
tion and growth of the particle phy­
sics programme in Canada and was 
the first chairman of the Institute 
of Particle Physics (IPP). 

From field theory to molecular 
biology 

One of the recipients of this year's 
Nobel Awards, along with particle 
physicists James Cronin and Val 
Fitch (see page 391), is Harvard 
molecular biologist Walter Gilbert. 
He shares the Chemistry Prize with 
Frederick Sanger and Paul Berg for 
work on the chemistry of nucleic 
acids. Before turning to this line of 
research, Walter Gilbert was an 
elementary particle field theorist, 
and hidden deep in the physics liter­
ature can be found among other 
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A recent aerial view of the Japanese KEK 
Laboratory. A new feature is the 450 m-long 
2.5 GeV electron linac for the Photon 
Factory, visible on the right Construction is 
proceeding according to schedule. 

(Photo KEK) 

things the Deser-Gi/bert-Sudarshan 
representation as a reminder of 
those days. 

More on the free quark search 

While the indirect evidence for 
quarks accumulates steadily, direct 
evidence for the existence of free 
quarks is still scanty. In our report 
of the recent Madison High Energy 
Physics Conference (September 
issue, page 242), we mentioned the 
searches for free quarks in matter 
being carried out at Stanford by 
the group led by William Fair bank, 
and Genoa by Giacomo Morpurgo. 
While the Stanford experiment (us­
ing niobium) has provided repeated 
evidence for fractional charges in 
multiples of one-third of the elec­
tronic charge, the Genoa study did 
not observe any free quark in 
3.4 mg of iron, a quantity of matter 

three times as large as that ex­
plored at Stanford. 

Morpurgo and his collaborator, 
M. Marinelli, have observed a con­
tinuous distribution of apparent 
fractional charges, which they could 
show was due to the effect of a 
magneto-electric force acting on 
the levitated balls used in the exper­
iments. Morpurgo points out that 
such an effect cannot explain the 
Stanford results, which so far al­
ways indicate charges of one-third, 
rather than a continuous distri­
bution. 

Microprocessor Conference 

From 4-6 May 1981 a Topical Con­
ference on the Application of Micro­
processors to High Energy Physics 
will be held at CERN. Its aim is to 
survey the use of programmable 
devices, especially microprocessors, 

which enhance the quality and integ­
rity of recorded data from present 
and future high energy physics 
experiments, including triggering, 
event filtering, data compaction, 
equipment calibration and monitor­
ing. Further information can be 
obtained from Mrs. Terry Jones, 
CERN 1211 Geneva 23, Switzerland. 
The deadline for the submission of 
abstracts is 31 December 

ZING bows out 

The ZING-P' pulsed neutron facility 
at Argonne was closed down in 
August. It has done some important 
pioneering work for the coming 
first generation of accelerators as 
neutron sources. It will be suc­
ceeded by the Intense Pulsed Neu­
tron Source (IPNS-1 ) which is 
scheduled to come into action at 
A rg on ne in A pril 1981. 

HERA meeting 

After the meeting at the Max Planck 
Institute in Munich on 24 and 
25 October, there was no doubt 
that the high energy physics com­
munity fully supports ECFA's re­
commendation that two big accel­
erators should be constructed in 
Europe (see July/August issue, page 
192). Besides LEP (which has prior­
ity), the necessity of an electron-
proton machine, sited at DESY, was 
stressed by the 180 participants. 
In an eloquent introduction, Haim 
Harari explained the need for elec­
tron-proton experiments to comple­
ment electron-positron and proton-
antiproton studies. Active collabo­
ration was assured by many Labo­
ratories. Sac/ay is a/ready partici­
pating in the construction of proto­
type superconducting magnets 
which could be used for HERA. A 
technical proposal meeting at DESY 
is scheduled for 2 and 3 December. 
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I 
At the Munich meeting on the proposed 
HERA electron-proton machine for DESY: 
H ai m Harari 'conducting' a talk on the 
need for electron-proton experiments. 

(Photo Horst Laskus, MPI Munich) 

First electron cooling at Fermilab 

On 17 October, for the first time 
at Fermilab, a 'hot' proton beam 
was cooled by a beam of electrons. 
The experiment was carried out at 
a proton energy of 115 MeV, the 
highest energy electron cooling 
achieved anywhere, and is a signif­
icant achievement on the way to 
the storage of antiprotons and pro­
ton-antiproton colliding beams. 

The 115 MeV protons were 
cooled using a 62 keV electron 
beam, operating from 2 to 5 A. 
After optimization, in several 
seconds the proton beam was 
cooled by a factor of 50 in momen­
tum spread, and a factor of five in 
transverse size. The cooled proton 
beam has been rapidly accelerated 
and decelerated without loss across 
the cooling ring aperture. This is 
essential if successive cycles of 
antiproton production are to be 
accumulated in the Fermilab anti-
proton source. 

The 200 MeV cooling ring, located 
just west of the Booster, has two 
long straight sections - the east 
one containing equipment used 
principally for stochastic cooling, 
and the west one containing the 
electron beam for electron cooling. 

The colliding beam development 
programme involves a Fermilab/ 
Berkeley/A rgonne/Wisconsin/Novo-
sibirsk collaboration. Electron cool­
ing was first demonstrated experi­
mentally at Novosibirsk in 1976, 
and was studied in the energy range 
1.5 to 100 MeV, with a current of 
up to one ampere. Then about a 
year ago, electron cooling was 

Recently arrived in the North Experimental 
Area of the CERN SPS is the 31-ton GAMS 
electromagnetic shower counter built at 
Serpukhov for an experiment by a Soviet/ 
Belgian/French collaboration. 

(Photo CERN 543.10.1980) 
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Inside of the valve box for a Fermilab 
satellite refrigerator, looking like the work 
of a bugle maker gone mad. Complex 
plumbing connects a satellite refrigerator 
into the main ring. 

(Photo Fermilab) 

achieved at CERN at a proton 
energy of 50 MeV (see October 
1979 issue, page 309). 

The Fermilab system has higher 
energy and a greater electron cur­
rent capability (up to 7 A). In achiev­
ing cooling under these new con­
ditions, new space charge problems 
were encountered that were not 
seen in the earlier experiments. 

Keeping cool 

In September, two more significant 
milestones were passed at Fermilab 
in providing the massive liquid 
helium temperature refrigeration 
for the Energy Doubler/Saver. The 
heart of the cryogenic system is a 
central helium liquéfier, operated 
for the first time on 18 April, to­
gether with 24 1000 W satellite 
refrigerators positioned every 
300 m around the ring. 

Last month the fourth and final 
A-sector satellite was moved into 
position. The 11 m-long horizontal 
exchangers are adjacent to the refri­
gerator building. An important simu­
lation test was also carried out us­
ing a 300 m section of the helium 
transfer line which will carry liquid 
helium from the Central Helium 
Liquéfier to the satellites. The most 
recent test used a satellite refriger­
ator at A-1 operating as a helium 
liquéfier supplying 100 l/hour of 
liquid helium through the 300 m 
transfer line to the A-2 satellite 
refrigerator. This was operating in 
the final satellite mode with its load 
of 40 superconducting magnets in 
the main ring tunnel. The successful 
test simulated the running con­
ditions of the Tevatron. 

Fermilab's energy saver dipole magnet and 
negative hydrogen ion source have been 
recognized by the magazine 'Industrial 
Research and Development' as among the 
100 most important worldwide technological 
achievements in 1979, thus qualifying for 
the l-R 100 Award. Seen here at the 
presentation ceremony at Chicago's Museum 
of Science and Industry are, left to right 
Chuck Schmidt, Russ Huson, Hank 
H interberger, Karl Koepke and Chuck 
Marofske. 

(Photo Fermilab) 
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The Max-P lanck- Inst i tu t fur Physik und Astro-
physik, Munchen , invi tes appl icat ions for t w o 
tenure posi t ions in 

Elementary 
Particle 
Physics. 

W e are looking for Ph. D. physic is ts w i t h broad 
experience in exper imenta l high energy physics 
to par t ic ipate in exper iments at the PETRA-
storage r ing at D E S Y / H a m b u r g . 

App l ica t ions ( inc luding cur r icu lum vi tae, list of 
publ icat ions and references) should be sent until 
January 1 5 , 1 9 8 1 t o 

G. Buschhorn 
Max-P lanck- Inst i tu t fur Physik und 
Astrophysik 
Fôhringer Ring 6 

8 0 0 0 Munchen 4 0 

W . Germany 

Do you know 
this 

radiation shielding 
metal? 

* # 4 50% more effective 
A than lead 

^j* as strong as steel 

corrosion resistant 

non-toxic 

readily machinable 

A s k today fo r fu l l i n fo rmat ion , or 
s i m p l y c o m p l e t e and ma i l t he coupon 

J O H N S O N M A T T H E Y 
+ BRANDENBERGER AG 

Glattalstrasse 1 8, 8052 Zurich 
Telephone: 01 -302 44 88 Telex: 53072 jmbz 

To: Johnson Matthey+ Brandenberger AG 
Engineering Materials Section 
Glattalstrasse 18, 8052 Zurich 

Please send me full information on 
JMM radiation shielding materials. 

Name 

Position.. 

Company 

Address.. 

Heraeus 
is your contact for 

Beryllium 
Foil 
Sheet 
Vacuum hot pressed block 
Machined parts 
Fabricated components 
Radiation windows 
Single crystals 

W. C. Heraeus GmbH - Produktbereich Verfahrenstechnik 
Postfach 1553 - D-6450 Hanau - Telefon 0 6 1 8 1 / 3 6 0 5 3 5 
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renforce le système 
d'ordinateurs décentralisé 

Un système informatique décentralisé pour Norsk Data est 
fondé sur une relation homme-machine, dont l'axiome de 
base est que tout besoin de capacité de calcul est local. Nos 
systèmes d'ordinateurs sont ainsi adaptés aux besoins locaux 
comme support et outil dans la production, la recherche et 
l'administration. 

La possibilité de connecter plusieurs systèmes locaux indé­
pendamment de leur emplacement permet la communication 
entre systèmes et la création de puissants réseaux d'ordina­
teurs. 

Les systèmes NORD sont entièrement modulaires. Chaque 
matériel ou logiciel peut être développé et adapté aux besoins 
qui évoluent sans que des unités coûteuses deviennent super­
flues. Nos systèmes s'étendent du mini-ordinateur 16 bits aux 
complexe d'ordinateurs 32 bits avec une capacité de mémoire 
virtuelle de 4,3 G-octets pour les données comme pour les 
instructions. 

Nos dépliants d'information sur le NORD 100, NORD 500, et 
sur le traitement décentralisé des données en relèvent les pos­
sibilités et les avantages. 

Les ordinateurs NORD - élément fondamental d'un traite­
ment efficace des données. 

NORD - Une alternative à étudier 

Norsk Data sari, » Le Brévent », Avenue de Jura, 01210 
Ferney-Voltaire 

Oui, je veux en savoir plus sur le système Nord 
de traitement « élargi » des données. 

Nom_ 

Entreprise. 

Adresse 

Téléphone 

1 

•••• •+•••••+# •••••••• •••••••• ••••• •••• •••••••• 

Norsk Data 
Siège : « Le Brévent », Avenue du Jura, 01210 Ferney-Voltaire 

Tél. : (50)408576 
Paris : 120 Bureaux de la Colline, 92213 Saint-Cloud 

Tél. : (1)6023366 
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If ifs a question 
of cryogenics.^ 

4-4 

/ 

Iff \l 

7m§ 

^^^^^ 
ft. 

the 
answer 
is here. 

f | f ; 5 No one can offer the research community 
0 a wider range of reliable, useful cold sources. 

HELI-TRAN® systems provide simple-to-
operate cooling in the 2-300K range. 

DISPLEX® cryocoolers offer unsurpassed 
versatility and reliability in continuous r closed-cycle cooling from 10-300K. 

HELIPLEX™ refrigerators can replace use 
of liquid helium for around-the-clock 

cooling down to 3.7K. 
Add to this the most complete selection 

of temperature controllers and indicators, 
radiation shields, vacuum shrouds, sample 

holders, and other equipment vital to ESR, NMR, 
Môssbauer effect, x-ray diffraction, and other 

low-temperature research. 
More than 1000 laboratories worldwide use our 

reliable cryogenic equipment. Send today for our 
latest catalog: Laboratory Cryogenic Systems. 

APD CRYOGENICS 
1919 Vultee Street, Allentown, PA 18103 (215)398-8419 Telex: 84-7416 



Compteurs Geiger Mul ler 
de 10-«à'.lÔ4R.h-i 

Intensif ïcateurs 

d' images obturateurs 
à l'échelle de la nanoseconde 

Photomult ip l icateurs et cellules 
du photon unique 
jusqu'à plusieurs Ampères. 

Tubes à gri l le 
cavités associ 
jusqu'à 600 kW (cw) 

Chambres à fission 
de 1 à 10- neutrons cm -2 s~^ 

Klystrons 
jusqu'à 1 MW (cw) 
e t 2 5 M W (crête) 

130, AVENUE LEDRU-ROLLIN - 75540 PARIS CEDEX 11 - TÉL. (1) 355.44.99 - TÉLEX : 680-495 F 
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CAMAC 
The CAMAC Eprom Programmer Set 
RP2114 

from SEN Electronique 

PROfVî 2114 

R E P Ï M PROGRAMMER 

H i 

ADDRESSED 

MODULE 

HEAD 

PBOG. 

PROGRAM 

0 » 

1 
i 

mode ! 
i 

VPP 27V OV 

e e # 
INSERT REPROM 

AFTER PWR ON 

i HIGH mn i 
T 10W BYTE ! 

* comes as a package hardware + software 
* programs all types of Eproms 2508,2516,2532 
* programs two 8bit Eproms simultaneously 

for ease of operation when used 
wi th 16-bit microcomputers. 

appl ica t ions . 

<4D 

descr ipt ion 

T h i s d o u b l e w i d t h m o d u l e 
c o n t a i n s al l t h e h a r d w a r e t o 
p r o g r a m E p r o m s w i t h easy 
C A M A C c o m m a n d s . 

A s o f t w a r e p a c k a g e a l l o w s 
t h e use r o f a SEN A C C 
2 0 9 9 / 2 1 0 3 o r S T A C C 2107 
s y s t e m t o r e a d , w r i t e 
d u p l i c a t e , ve r i f y , co r rec t a n d 
l ist E p r o m s . 

- d u p l i c a t i o n o f E p r o m s 

- g e n e r a t i o n o f a p p l i c a t i o n p r o g r a m s t o be u s e d in A u x i l i a r y o r S t a n d A l o n e 
C o n t r o l l e r s as p e r m a n e n t p r o g r a m s 

- b a c k - u p o f p r o g r a m s as f i l es o n o u r f l o p p y d i sc s y s t e m 

- e tc . , etc.. . 

France : EG&G Instruments; Zone Silic 428; Tel. (1) 6872571 - Tlx 202553F, F-94583 RUNGiS CEDEX -Germany: SEN 
ELEKTRONIK GmbH;Brandstucken 11; Tel. 041 802046 - Tlx 2163705d, D-2000 HAMBURG 53 - DIDAS Digital System; 
Radspielstrasse 8; Tel. 089 91 6710 - Tlx 529167d - D-8000 MUNCHEN 81 - Swi tzer land : SEN ELECTRONIQUE SA; CP 39; 
Tel. (022) 442940 - Tlx 23359ch - CH-1211 GENÈVE 13 - SEN ELEKTRONIK AG; Austrasse 4; Tel. (01) 94551 03; Tlx 58257ch -
CH-8604 VOLKETSWIL- Un i ted K i n g d o m : SEN ELECTRONICS LTD; London Street; Chertsey; Tel. 9328.66744 - GB -
KT168AP SURREY - OFFICES THROUGHOUT THE WORLD. 
Headquarters: 
SEN ELECTRONICS S.A.; Avenue Ernest-Pictet 31; Tel. (022) 442940 - Tlx 23359ch - CH-1211 GENÈVE 13. 

N 

ELECTRONIQUE 



Get the best . . . f rom the source. 
NEW model 3200L... 

200 wat ts 250 KHz - 1 2 0 M H z 

An all-new solid state rf amplifier 
with compact dimensions having a 
useful 1 75 watts output power to 
150 MHz. 
Capable of being driven from a low 
power laboratory source the model 
3200L is ideally suited for many rf 
drive applications in high energy 
physics. With an output impedance 
of 50 ohms full protection is 
afforded against open or short 
circuit loads without damage or 
oscillation. 
Further details on application to 
EN I or your local representative. 

3000 WINTON ROAD SOUTH 
ROCHESTER, NEW YORK 14623 

Tel.: 716-473-7330; Telex 97-8283 ENI ROC 

mmwrnmpowER 
SYSTEMS, 17D. 23 OLD PARK ROAD, HITCHIN, 

HERTFORDSHIRE SG5 2JS ENGLAND 
Tel.: (0462) 51 71 1 ;Telex: 8251 53 ENI UK G 

POUR TOUS VOS PROBLEMES 
DES DISJONCTEURS 
ET DES POSTES PENSEZ A 
MAGRINI GALILEO Via L. Magrini, 7 - 24100 BERGAMO (ITALIA) 
Telefono/P/îor?e: (035)235.444 - Telegrammi/Ca£>/e: MAGRINI GALILEO BERGAMO - Telex: 301535 MAGGAL I 

mnGRim 
GALILEO 
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WOULD YOU LIKE A 
1/2" DIAMETER 
PHOTOMULTIPLIER T U B E ? 

IF YES-
Can you live with CsSb, CsTe, or multialkali cathode? 

IF YES-
Is a fused silica, UV glass, or borosilicate window OK? 

IF YES-
Then why not ask us to send literature or even better 
yet, quote to your specifications. 

IF N O -
Then maybe you can use one of our 800 larger or 
smaller detectors, so please ask for our catalog. 

Hamamatsu 
offers the first and 
only full line 
of Vfe" diameter 
photomultiplier tubes. 

CALL OR WRITE FOR BROCHURE 

HAMAMATSU CORPORATION • 420 SOUTH AVENUE • MIDDLESEX, NEW JERSEY 08846 • PHONE: 201/469-6640 
International Offices in Major Countries of Europe and Asia. 

YES... tell me more about your V2" 
diameter photomultiplier tubes. 

I I NO... to your V2" tubes—send me your 
complete catalog. 

NAME_ 

TITLE- _ PHONE_ 

COMPANY-

ADDRESS. 

CITY -STATE. .ZIP. 
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After the portable instruments... 
Après le portatif... 

in radiation protection 
en matière de Radioprotection 

LE FIXE 
THE STATIONARY INSTRUMENTS 

NARDEUX is among the first 
NARDEUX s'impose parmi les tout premiers 

PERSONNEL D.A.T.R.... CONTROLEZ-VOUS 
PERSONNEL WORKING 
IN RADIATION FIELDS GET CONTROLLED 

COUNTERS 
COMPTEURS 
4 x 2 5 0 c m 2 

2 x 800 c m 2 

circulation de gaz 
gas circulation 

n a r d s u x 

Commercial office in the PARIS area: 
Antenne commerciale, région parisienne: 
17, rue Paul-Bert, 92120 Montrouge-Tél. 655 24 29 
LA VALLÉE DU PARC, Z. I., 37600 LOCHES - France 
Tél. (47) 59 32 32, télex 750 808 F 

Contrôleur 
mains-pieds a + (3y 

a + Py hands and feet 
monitor 

Spécialement pour le CERN 

- Nuclear hardened 
- High temperature 
- Hermetic Seal 
- Piezoelectric 

Accelerometers 
Charge sensitivity 10 pc/g 
Voltage sensitivity 7 mV/g 
Frequency Response 5 to 10000 Hz 
Amplitude Linearity 
Temperature range 
Radiation resistance 

± 1 % 
-55 to 400°C 
Less than 5% degradation 
of sensitivity when exposed 
to10 1 0 Rad and10 1 8N.V.T. 

Case, Connector and Cable in 304 Stainless Steel 
Isolations in Metalloxyd 

Une technique fiable, une finition exeptio-

nelle et des prix attrayants vous convaincront!! 

Demandez une documentation détaillée 

et notre assistance-conseil. 

WE ROUTINELY BUILD THE UNIQUE 
Scattering chambers, sliding window target 
chambers, beam collimators, spectrometer slits 
and... something for you? 

Ï L Q L C O R F Q R A T D N 

4003 7th Terrace S., St. Petersburg, Florida 33711 U.SA. 
Phone: (813) 821-6759 

Automation industrielle 
CH-8610 Uster, Ackerstrasse 42, Tél. 01 9407001 
CH-1033 Cheseaux s. L, Grands-Champs 4, Tél. 021 91 2641 
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X P 2 0 0 8 
a n d X P 2 0 1 2 
c o n t r i b u t e i n U A 1 a n d U A 2 
p p C E R N e x p e r i m e n t s w i t h 

Stability 
Linearity 
BBQity 
Consistency 
Resolution 
Economy 

A complete range of modern PMTsfor industry and physics 

PMT 

cathode 
number 

of 
stages 

stability 
pulse 

linearity 
(mA) 

resolution 
1 3 7 C s 

(%) 

PMT 
0 

(mm) 

type 

number 
of 

stages 16h/0,3uA 
(%) 

1-0,1uA 
(%) 

pulse 
linearity 

(mA) 

resolution 
1 3 7 C s 

(%) 

XP2008 32 s u p e r A 10 1 1 200 8 
XP2012 32 bial kali 10 1 1 200 7,2 
XP2202 44 bial kali 10 1 1 200 7,4 
XP2212 44 bialkali 12 1 1 250 7,5 
XP2030 70 bial kali 10VB 0,5 0,8 40*) 7,2 
XP2050 110 bialkali 10VB 1 1 40*) 7,5 

*) wi th a special ly ta i lored b leeder 

Matching the BBQ emission 
spec t rum (BBQity), these PMTs 

meet the most crit ical parameter 
for sys tem resolut ion: GAIN STABILITY. 

We've set the standard for over 2 0 years 

Philips Industries, 
Electronic Componen ts 
and Materials Division, 
Eindhoven, The Nether lands 

PHILIPS Electronic 
Components 
and Materials 

PHILIPS 



Gases and cryogenics at work 

Nitrogen was used to purge and inertise the piping system of the three-stage European rocket ARIANE, successfully launched on 24. 12. 1979. ERNO-
Raumfahrttechnik, Bremen had overall responsibility for integrating the second stage of the project. 

For starters, we supplied the nitrogen for checking the 
second stage 
of ARIANE... 

Then we t id ied up the env i ronment -
tu rned river water into d r ink ing water, b rea thed life 
back into ai l ing lakes and rivers, recyc led o ld tyres, 
researched the ocean be low and mon i to red 
the sky above. Next, we gave a he lp ing hand to 
eng ineers - we lded AIRBUS and TORNADO, bui l t 
t unne ls w i thou t fear of f l ood ing or co l lapse, 
gave bri t t le metals p l iabi l i ty and p rec ious 
metals last ing br i l l iance. 
If tha t 's not f ood for though t , t h ink of the sp ices 
w h o s e a roma we 've f rozen in t ime, app les 
s to red f resh for a year, w ines w h o s e qual i ty 
is p ro tec ted dur ing s torage, and a t h o u s a n d f resh 
foodstu f fs in s u s p e n d e d states of per fec t ion. 
L iv ing creatures, too , tu rn to us for a fu ture. 
Organs can be put into a deep s leep, b lood s to red 
for years, t i ssues preserved for cancer research, and 
even c h a m p i o n bu l ls put on ice. Gases and 
c ryogen ics have a t h o u s a n d faces. To solve a 
t h o u s a n d p rob lems. 

MESSER GRIESHEIM 

Messer Griesheim supplies 
industrial gases in countless 
combinations. Rare gases, 
nitrogen, oxygen ... up to 
99.9999 percent pure. 
Plus works supply systems 
and application equipment, 
backed up the expertise 
of specialists. 

Ver t re tung in der Schweiz 

S c h w e i s s t e c h n i k A G 
Langwiesenstr . 12 
8 1 0 8 Dâ l l i kon /Zùr i ch 
Tel. 0 1 / 8 4 4 2 7 1 1 
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We are working on various layers; X.25, X.28, PAD(V-24) 

We can help your computer to communicate via: 
PRIVATE LINES 
SWITCHED TELEPHONE LINES 
INTERNATIONAL NETWORKS 
e.g. EUR0NET, EDWP, TRANSPAC, etc. 

CONTACT US ! We have the HARDWARE 

i i r i r i P i 

SOFTWARE 
FIRMWARE 
EXPERIENCE 

BORER ELECTRONICS AG 
CH-4501SOLOTH URN / SWITZERLAN D 
Tel: 065-31 11 31 Telex: 34228 
Suisse Romande: Tél. 022-76 38 46 

D i a m o n d Too ls f o r al l p u r p o s e s 
Our speciality 
Diamond turning and milling tools for non-ferrous metals 
and plastics 
CBN-Tools 

Other products 
Special diamond tools for the watch and jewellery industries 
Diamond-tipped dressing tools 
Diamond wheels and grinding pins - Diamond sawing wheels -
Diamond files and burs 
Hardness testers - Glass cutters and diamond scribers 
Custom-designed tools - Tool-bit repolishing work 
Precise, top-quality work. First-class references 

V O E G E L I & W I R Z LTD 
Diamond cutting and lapping works 
Phone: 032/41 21 81 
Telex: 349 195 diam ch 

CH-2502 Bienne Biel 
Gurzelenstr. 16 

P r e c i s i o n -
P o w e r - ^ 
S u p p l i e s v 

Stability up to 10 6 /8h 
upto150kV, upto20000A,upto600kW 

primary switched 



The Proven Kicker Switch 
For more than ten years EEV has been supplying thyratrons used 

to energise kicker magnets. These tubes are installed and working 
successfully in every major High Energy Nuclear Physics Laboratory 
in the world. 

Hundreds of thousands of hours of reliable service have been 
achieved and are substantiated by recent reports. 

Copies of these along with tube data and technical information 
can be obtained from Roger Snelling at Chelmsford, 
telephone (0245) 61777 ext: 428. 

EFV THYRATRONS 

ENGLISH ELECTRIC VALVE CO LTD, CHELMSFORD, ESSEX CM1 2QU, ENGLAND. TEL (0245) 61777. TELEX 99103. 
A MEMBER OF THE GEC GROUP 

GRAMS ENELECTICO CHELMSFORD 
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Still more accelerator-klystron progress 
from THOMSON-CSF 

Building on more than 20 years' 
experience in high-power accelerator 
klystrons, THOMSON-CSFs Electron 
Tube Division is now preparing another 
big step forward for these tubes. 
The new family of superpower 
klystrons now in development will 

feature extraordinarily high output 
power - up to 1 MW, CW - along with 
greatly improved electrical efficiency, 
for major savings in electrical power 
costs. 
Complementing the widely popular 
existing line of such tubes (more than 

2 0 0 service positions, around the 
world), these superpower klystrons will 
affirm more than ever THOMSON-CSF's 
world leadership in this field. 
So whatever your accelerator-klystron 
requirements, you can count on 
THOMSON-CSF - a name to rely on! 

! THOMSON-CSF 
(£©[M][Hô)MTrS 

THOMSON-CSF DIVISION TUBES ELECTRONIQUES / 3 8 , RUE VAUTHIER / B.P. 3 0 5 / 9 2 1 0 2 B O U L O G N E - B I L L A N C O U R T C E D E X / TEL. : (33.1) 6 0 4 81 75 

USA - Cl i f ton NJ 
THOMSON-CSF ELECTRON TUBES 
TEL. : (201) 779 10 04 
BRAZIL - Sao-Paulo 
THOMSON-CSF COMPONENTES 
DO BRASIL Ltda 
TEL. : (11) 61 64 83 

GERMANY - Munchen 
THOMSON-CSF GmbH 
TEL. : (89) 7510 84 
UNITED KINGDOM - Basingstoke 
THOMSON-CSF COMPONENTS 
AND MATERIALS LTD 
TEL. : (256) 29155 

ITALY-Roma 
THOMSON-CSF TUBI ELETTRONICI SRL 
TEL. : (6) 63814 58 
SPAIN - Madrid 
THOMSON-CSF COMPONENTES 
YTUBOS S.A. 
TEL. : (1) 419 88 42 

SWEDEN - Stockho lm 
THOMSON-CSF KOMPONENTER 
&ELEKTRONRÔR AB 
TEL. : (8) 225815 
JAPAN - Tokyo 
THOMSON-CSF JAPAN K.K. 
TEL. : (3) 264 36.46 
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CONTROLE NON DESTRUCTIF 
g a r a n t i e d e s é c u r i t é e t d e f i a b i l i t é 
• Contrôle d'étanchéité 

(Hélium, Ammoniac, Fréon, Hexafluorure de soufre) 
• Radiographie X et gamma 
• Ultra-sons 
• Magnéto sco pie 
• Ressuages liquides pénétrants 
• Courants de Foucault (mono et multi-fréquences) 
• Etudes, Essais, Assistance Technique, Formation 

• Montage, Contrôles dimensionnels 
• Essais d'installation, Reception, Inspection 
• Etablissement de cahiers des charges 
• Recette en usine 
• Travaux de laboratoire : (Métallographie, 

Essais chimie, Contrôles non destructifs) 
% Contrôles des matières premières 

4f HOTCHKISSBRANDT 
g r o u p e T H O M S O N - B R A N D T 

25, rue de CHONY 26500 BOURG-LES-VALENCE -
239, Boulevard ANATOLE FRANCE 93200 SAINT -

- BP 434 26004 VALENCE - Tél. (75)42.91.42 
DENIS - Tél. (1) 243.32.62 -

TELEX 345 741 BRGLV. 

Klaasing-Reuvers 
Power your circuits 

with klaasing-reuvers modular 
encapsulated power supplies 

Series 5 0 0 / 6 0 0 / 7 0 0 are comple te ly compat ib le 

w i t h indust ry s tandard speci f icat ions bu t offer 

you 4 0 0 0 VDC I/O isolat ion rat ing. 

Series 4 0 0 addi t ional ly of fers you the advantages 
of current fo ldback ou tpu t p ro tec t ion . 

Series 8 0 0 are made in sw i t ch ing techn ique to 

save space and energy. 

Ask for your copy of the n e w cata logue and price 

list. 

Dewald AG 
Seestrasse 561 

8038 Zurich 

•Dewald Electronic -

i Tel. 01.451300 
Telex: 52012 

TOXCEUR-XY BBC 
BROWN BOVERI 

GOERZ 
METRAWATT 

Caractéristiques principales: 
hautes performances de traçage 
échelle programmable 
digitalisation 
format A3 
8 plumes interchangeables 
96 caractères ASCII, de gran­
deur et direction programma­
bles 
vitesse de traçage 30 cm/s., de 
positionnement 100 cm/s 
résolution 0.01 mm, précision 
0,1 % fin d'échelle 

linéarité 0,1 % 
commandé par microproces­
seur, selftest 
i n t e r f aces u n i v e r s e l l e s 
RS232C/V24, IEEE 488, IPSO 
(Olivetti) 
options : entraînement pour 
papier continu, extension du 
buffer d'entrée, symboles spé­
ciaux sur ROM 
logiciel de traçage pour 
PDP11, MINC, Olivetti 6060 

Cosendai Computer Products SA 

En Budron A V^F^^FW^ Tél. 021/ 33 35 31 
CH-1052 Le Mont-sur-Lausanne 
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Get the productivity plus 
of high-pressure hydraulics 

. . .with the industry's widest range 
of tools and systems. 

W h a t e v e r hydrau l ic p o w e r y o u 
need , ENERPAC prov ides t h e e q u i p m e n t , 
c o m p o n e n t s , c o n t r o l s and k n o w - h o w 
necessary t o ge t y o u r p r o d u c t i v e ideas 
i n t o a c t i o n . 

ENERPAC hydraulic power is self-
contained, compact, portable and flexible. It 
gives an accurately-control led, all-direction 
force capabil i ty that can be adapted to 
virtually any app l i ca t ion- f rom maintenance 
to heavy engineering, f rom laboratories to 
construction sites. And its simple, safe, 
reliable and highly cost-effective. 

If you need power that has proven 

superiorto conventional electrical or 
mechanical systems, you'll be well-advised 
to send for our free booklet; THIS IS ENERPAC. 
It features the many application and 
productivity advantages of j 

high-pressure hydraulics 
and includes the name 
of your nearest ENERPAC 
distributor. 

Enerpac 
47, ave Blanc 
1211 Geneva 21, Switzerland 
Teh 3194 05 Tlx: 27863 

The Power of Ideas 
% ENERPAC, Division of Applied Power International SA, 1980 
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c c n n c o u r i e r 

A unique advertising medium for 
scientific and technical equipment 

CERN COURIER is the internationally recognized 
news magazine of high energy physics. Distributed 
to all the major Laboratories of the world active 
in this dynamic field of fundamental research, it is 
compulsive reading for scientists, engineers, ad­
ministrators, information media and buyers. Written 
in simple language and published simultaneously 
in English and French it has become the natural 
communication medium for particle physicists in 
Europe, the USA, theSoviet Union, Japan — every­
where where the fundamental nature of matter is 
studied. 

Published from CERN, Switzerland, it also has 
correspondents in the Laboratories of Argonne, 
Berkeley, Brookhaven, Cornell, Fermi, Los Alamos 
and Stanford in the USA, Darmstadt, DESY and 
Karlsruhe in Germany, Orsay and Saclay in France, 
Frascati in Italy, Daresbury and Rutherford in the 
U.K., SIN in Switzerland, Dubna and Novosibirsk 
in the USSR, KEK in Japan, TRI U M F in Canada and 
Peking in China. 

The annual expenditure on high energy physics 
in Europe is about 1 000 million Swiss francs. The 
expenditure in the USA is about $ 300 million. 
There is similar expenditure in the Soviet Union. 

CERN COURIER is the way into all high energy 
physics research Laboratories. If you have a 
market in this field, there is no surer way to make 
your products known than by advertising in CERN 
COURIER. 

All enquiries to: 
Adver t is ing Manager 
Michel ine Falciola 
CERN COURIER 
CERN 
CH - 1211 GENEVA 23 
Tel . (022) 83 41 03 
Telex 236 98 

PETERLITE 
PRÉSENTE: 

sa 

SA CONTRIBUTION A UA 1 . . . 

PETERLIT 2000 
DANS UNE RÉALISATION 

DE CALORIMÈTRES PAR LE LAPP 

. UN»? 

PETERLIT 2000.. 
• une gamme de s c i n t i l l a t e u r s a c r y l i q u e s 

• une infinité de produits personnalisés 

• des performances techniques serrées 

• des tolérances d'épaisseur étudiées. 

PETERLITE 
39 130 Clairvaux-les-Lacs 

FRANCE 
Tél. (84)25 81 14 

sa 
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A u t o m a t e 

y o u r 
l a b o r a t o r y 

Our 8030 CONCEPT system for total process 
control is an economical solut ion to your most 
demanding needs in laboratory automat ion. 
Here is everything you need - a powerful micro­
computer system, compatible software, process 
interface modules, accessories - all in a single 
package ready to set up and operate. Because it is 
modular, the CONCEPT can be configured for 
use wi th virtually any instrument found in the 
scientific environment - spectrometer, chromato­
graphy analyzer, detector, scanner, processor, 
microprobe - you name it. A wide selection of 
interface modules insures all the sensitivity and 
precision you need for consistent and accurate 
measurement. 
These benefits reduce your operating costs: 

• Flexible Interfacing. Choose f rom hundreds of 
standardized I/O modules designed to the cost-
saving ANSI/ IEE-583 standard for computer auto­
mated measurement and control (CAMAC). 

• Maximum Uptime. Increase your process upt ime 
wi th proven design concepts and rel iabi l i ty. Your 
8030 CONCEPT has a ful l two-year warranty. 

• Economical Expansion. Automate an entire research 
installation as eff iciently as a single experiment. 
Modulari ty and standardization permit limitless 
expansion wi th minimal expense. 

• Min imum Installation Costs. Move your CONCEPT 
system quickly and easily into your process environ­
ment. Distr ibuted data acquisit ion and control 
reduces your interface wir ing costs, while screw 
terminat ion panels permit fast, error-free f ield wir ing. 

t h e t o t a l 
s y s t e m w a y . . . 

w i t h o u r n e w 

I 

Please c o n t a c t u s for additional information 

C % K i n e t i c Systems International S.A. 
Dept. C C 1 2 0 * 6 Chemin de Tavernay * 1218 Geneva, Switzerland « Tel. (022) 98 44 45 * Telex 28 9622 
KineticSystems Corporation * 11 Maryknoll Drive » Lockport, Illinois 60441 » Tel. 815 838 0005 « TWX 910 638 2831 
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PORTABLE! 
La nouve l le p lace de mesure pour 

radio-téléphone S M F P 

• Exploitat ion manuelle et automat ique 

• Modulat ions A M , FM, PM 

• Fréquences de 0 , 4 à 1 0 0 0 MHz 

• Uti l isat ion très simple mais appropriée 

• Apparei l pour le service extérieur 
mais également programmable par bus IEC 

• Processeur incorporé pour la s impl i f icat ion 
et la coordinat ion de l 'ut i l isation 

ROHDE&SCHWARZ 

ROSCHI 
Telecommunication SA 

3000 Berne 31, Case postale 63 
Télex 32137 
Téléphone 031 44 27 11 

F L O W M E T E R S 

Calibrated and non-
cal ibrated inst ruments for 
l iquids and gas 

Avai lable f r om our stock 
in Zurich 

Heraeus 
Quartz glass 

type 1100 

lenses, mirrors, 
cuvettes, hatches, 
disks, prisms, 
rods, tubes 

Triple prism in isotopic and homogeneous 
SUPRASIL quality, deposited on the moon in 
a retro-reflector-system as part of the 
Apollo program. 

Ask for fur ther in format ion 

3 ^ 

former ly W ismer AG 

Oerl ikonerstrasse 88 
Tel. 0 1 / 3 1 1 4 0 4 0 
8 0 5 7 Zur ich 

Advertisements in CERN COURIER 
All advertisements are published in both English and French 
editions. Second language versions accepted without extra 
charge. 

Space 
(page) 

Vi 

1 /4 

Actual size (mm) 
width by height 

1 8 5 x 2 6 5 

1 8 5 x 1 3 0 
9 0 x 2 6 5 

9 0 x 1 3 0 

Cost per insertion (Swiss Francs) 

1 
insertion 

1450 

800 

450 

insertions 

1400 

770 

420 

insertions 

1350 

750 

400 

10 
insertions 

1250 

700 

390 

Supplement for: 
— each additional colour 
— Covers: 
Cover 3 (one colour) 
Cover 4 (one colour) 
Publication date 
Closing date for 
positive films and copy 

1350 SwF 

1600 SwF 
2100 SwF 
1 st of month of cover date 

1 st of month preceding cover date 
The cost of making films and of 
translation for advertisements are 
charged in addition. 

Screen (offset) 60 or 54 Swiss ( 1 50 English) 
Advertisements cancelled after 1 st 
of month preceding cover date will 
be invoiced. 

Advertising space is limited to 50% of contents and insertions 
are selected on a strict first-come first-served basis. 
These rates are effective for the year 1981 . 

All enquiries to: 
Micheline FA LCI OLA / CERN COURIER - CERN 
1211 Geneva 23 Switzerland 
Tel. (022) 83 41 03 Telex 2 36 98 
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Représentation générale 
pour la Suisse 

dunkermotoren 

Réducteurs à engrenages, à vis sans fin et 
planétaires. Couples jusqu'à 2400 Ncm 
Moteurs triphasés, monophasés, synchro­
nes et à courant continu jusqu'à 80 watt 
Partiellement du stock 

VMBM 

II 
Variateurs de vitesse mécanique. Couples 
nominales de 2,5 Ncm à 4000 Ncm. Gamme 
de vitesses de 0,003 min~i à 2000 min- 1. 
Gamme de réglage 1:10. 
Partiellement du stock 

protection...as well as 
high voltage for 
wire chambers— 

NEW 7 KV PLUG-IN POD 
The fine, fragile wires of proportional or drift 
chambers can be snapped by an arc within the 
detector. Conventional protection circuits, such as 
current-limiting, are too slow to protect a chamber 
against an arc. Even a fast current trip (<100 ,*sec) 
is inadequate if long high-voltage cables are used. 
LeCroy's new 7 KV high-voltage system plug-in pro­
vides a longer life for your chamber wires by com­
bining a fast current trip (<50 fiseo) with a crowbar 
circuit which clamps the output to ground through a 
resistor, dissipating the stored energy in the supply 
rather than in the chamber. 
LeCroy's Model HV4032A High-Voltage System has 
been in the field for several years with plug-in 
3.3 KV modules. The 7 KV plug-in may be used in the 
HV4032A/M mainframe and even mixed with 
positive and/or negative 3.3 KV plug-ins. 
Consider these advantages: 

• ± 7 KV, up to 500 tiA 
• Manual, CAMAC, or TTY control 
• Remote current and voltage monitoring 
• Progammable in 2-volt steps 
• 16 channels per mainframe 
• Remarkably low cost 

For more information on the new 7 KV plug-in, or 
any other LeCroy high-voltage distribution systems, 
contact your local LeCroy representative. 

®Strojna 

Réducteurs à engre­
nages ou à vis sans fin 
avec pied ou flasque 
équipés de moteurs 
triphasés I.E.C., puissances de 0,18-4 kW, 
possibilités de réduction i = 6,26 à 99,75. 
Partiellement du stock 

fil 
Al 

l i i i l l l l l l i 

lllïli 
ntriebselemente AG 

CH-8055 Zurich 
Bi rmensdorf erstrasse 470 

Tel. 01 353850 Telex 54506 tzco 

I f iCroy 
LeCroy Research Systems Corp., 700 S. Main St., Spring Valley, N.Y. 10977, 
(914) 425-2000, TWX 710-577-2832. Far West Office: Palo Alto, California, (415) 
856-1806. International Offices: Geneva, Switzerland, (022) 98 97 97; 
Heidelberg, W. Germany, (06221) 28192; Orsay, France, (6) 907.38.97; Botley, 
Oxford, England, 865 72 72 75; Toyo Corp., Tokyo, Japan, (279) 0771. 
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Semi-produits en matières plastiques | 
Notre vaste stock comprend: 
• jets ronds - tubes - plaques - feuilles et profils en 
• PTFE-Lubriflon® - PTFCE-Voltalef® - PVDF - PA-Ertalon® -

POM-Ertacétal® - PETP-Ertalyte® - PUR-Vulkollan - PVC dur -
PE-Polyéthylène - RCH 1000 - PP-Polypropylène -
PC-Polycarbonate - PMMA- Verre acrylique 

Vos avantages: 
• dimensions échelonnées de façon très rapprochée 

permettant un choix optimal sans déchets 
• la bonne qualité dans la dimension exacte 
• découpage et fraisage jusqu'à la dimension 

finale 
• de stock • à emporter 

Nous manufacturons également des pièces finies injectées ou par 
enlèvement de copeaux, en toutes matières synthétiques. 

Jto Angst+Pf ister 
^ Votre partenaire dans tous les cas 

1219 Genève-Le Lignon 
52-54, route du Bois-des-Frères 
Téléphone 022 964211 
8052 Zurich • Thurgauerstrasse 66 
Téléphone 01 301 20 20 

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

range of inexpensive scintillating materials 

Exists in sheets and thick blocks 

Both the scintillating and the W . L S . (Wave Length Shifters) ALTU-

STIPES are the result of a close collaboration between the French 

Atomic Energy Commission (D. Ph P.E./STIPE) and attUrOT 
Corporation, the major French producer of acrylic resins altuglas 

altubr 
Group CDF CHIMIE— TOUR GAN — Cedex 1 3 — F. 92082—Te lex : NORSO 6 1 0 8 0 4 

P A R I S LA D É F E N S E 2 — F R A N C E 
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Stesalit resolves your 
individual problems 
in fiberglass and carbon fiber 
construction 
— for science 
and advanced technic. 

Frames f o r 
p r o p o r t i o n a l c h a m b e r s 
spark c h a m b e r s 
d r i f t c h a m b e r s 
c o a s t i n g boxes f o r C e r e n k o v c o u n t e r s . 
Parts a n d p ro f i l e ma te r i a l 
o f al l t y p e s , a lso in c o m b i n a t i o n 
w i t h c a r b o n f i be r . 
U p o n reques t pa r t s 
can a lso be l a m i n a t e d 
w i t h c o p p e r o r a l u m i n i u m f o i l . 

Stesalit AG 
Kunststoffwerk 
CH-4249 Zullwil SO 
Telefon 061-800601 
Telex 63182 03.003 

JANNEY MEETS THE DEMANDS OF THE HIGH-ENERGY PHYSICS COMMUNITY 
with Ultrahigh Purity, Ultrahigh Conductivity 
Wrought Copper Components 

Janney is the major source for ultrahigh-purity, 
wrought copper components for linear 
accelerators, vacuum tubes and superconductor 
cable used in high energy physics programs; 
programs which have stringent 
requirements for: 

• Ultrahigh Conductivity (98102% IACS) 

• Excellent Brazing Characteristics 

• Vacuum Integrity 

• Shaped Wrought Geometries 

• Experienced Metallurgical Control 

• Special Alloys 

JANNEY CYLINDER COMPANY 
Subsidiary of Pittsburgh Forgings Co. 
7401 State Road, Philadelphia, Pa. 19136 U.S.A. 
Phone: (215) 624-6600 Telex: 834364 Janney Cyl. PHA 

CERN Courier, December 1 9 8 0 4 3 5 



Gaz techniques 
Gaz purs 
Gaz ultra-purs 
Gaz spéciaux 
Mélanges de gaz 

Technical Gases 
High Purity Gases 
Ultra High Purity Gases 
Special Gases 
Mixed Gases 

Technische Gase 
Reine Gase 
Hochreine Gase 
Spezialgase 
Gasgemische 

A I (C 5 H 5 ) 3 
C 3 H 6 Kr 

Ar C 3 H 8 N H 3 

A s H 3 C 4 H 6 NO 

BCI 3 
C 4 H 8 N 0 2 

BF 3 
C 4 H 1 0 N 2 

B 2 H 6 C 4 H 1 4 N 2 0 
CF 4 C 4 H 1 6 N 2 0 4 

C H 4 C 5 H 1 2 Ne 

(CN) 2 C 6 H 1 4 
0 2 

CO C 7 H 1 6 PF 5 

COCI 2 
CIF 3 PH 3 

cos C l 2 SF 6 

C 0 2 D 2 so2 
C2H2 G e H 4 SeH 2 

C 2 H 4 HBr S i H 2 C I 2 

C 2 H 4 0 HCI S iH 4 

C 2 H 6 H 2 Xe 
C 3 H 4 H 2 S Z n ( C 2 H 5 

He etc. 

Equipements pour la mise en 
oeuvre de gaz 
Equipements cryotechniques 

Equipments for mani fo ld 
installations and low pressure 
gas handling 
Cryogenic equipments 

Gasversorgungsanlagen und 
Armaturen 
Kryotechnische Apparate 

Documentation 

Visit(e)/Besuch 

Name/Norn 

Firma/Ets. 

Tel 

Adresse 

• ( required 
< désiré 

• I erwunscht Garba 
Division Scient i f ique 
Bern 031 53 22 22 / Zurich 01 4 4 2 4 1 1 / Genève 0 2 2 29 61 66 
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