
CERN physics, past 
and future 

out of this project. It may seem 
regrettable that a machine costing 
approximately a thousand million 
Swiss francs has to be built before 
progress in physics can be made! 
Small low-cost machines were suff i
cient for testing Maxwell 's equa-

ons and establishing the basic unity 
of the electric and the magnetic 
interactions. But in order to verify the 
unity of the weak and electromag
netic interactions, energies ten thou
sand million t imes greater than 
those peculiar to everyday electro
magnetic phenomena are needed. 
This might seem to come low on the 
list of priorities of the world today. 

In addition we must realize that 
the development of increasingly 
sophisticated technology and in
creasingly esoteric science brings 
wi th it growing difficulties of com
munication between specialists and 
others. This gives rise to some 
confusion, particularly as research is 
expected to benefit the economy by 
its discoveries.- Sophisticated tech-

ology is gradually permeating our 
daily lives; science asks for more and 
more funds which governments 
have to make provision for in their 
budgets. 

I believe that one of man's finest 
qualities is his ability, despite difficult 
conditions, to devote a small part of 
his resources to furthering his under
standing of the world. I should also 
say on this occasion that the 
Member States have always sup
ported the Organization, even 
though there have been t imes when 
this was difficult. 

Our generation must not fail in its 
task. W e must hand on Mto our 
successors both what has been 
achieved so far and the means for 
them to continue their research. By 
inspiring them wi th confidence we 
can point the way to future pro
gress.' 

Introducing the proceedings on 
CERN Day at the European Physical 
Society's 1979 International Con
ference on High Energy Physics, held 
in Geneva, Victor Weisskopf de
scribed the establishment of CERN 
25 years ago as the fulf i lment of a 
dream. Wi th the creation of CERN, 
Europe was restored to the forefront 
of fundamental physics — the place 
it had occupied during the first 
decades of the century. 

In a memorable presentation, 
CERN Research Director General 
Leon Van Hove painted a vivid 
picture of the achievements of the 
European high energy community at 
CERN over the past twenty-f ive 
years. Van Hove compared the 
physics panorama which has un
folded at CERN to the spectacular 
v iew of the Alps which one obtains 
f rom Meyrin on a clear day — not the 
only mountain landscape in the 
world, but a most impressive one. As 
well as being generally imposing, it 
also includes many individual moun
tains interesting and scenic in their 
own right. 

Beginning wi th low energy nu
clear physics, he mentioned the 
work done by the on-line isotope 
separator ISOLDE at the 6 0 0 MeV 
synchro-cyclotron (SC), taking as an 
example the beautiful results on the 
shape 'staggering' between adja
cent neutron-deficient isotopes of 
mercury. 

Another low energy highlight was 
the programme of work on exotic 
atoms, beginning wi th studies on 
muonic and pionic atoms at the SC, 
leading on to important discoveries 
w i th kaon, sigma and antiproton 
atoms at the 28 GeV Proton Syn
chrotron (PS). 

He also mentioned the important 
hypernuclear physics results using 
kaons in fl ight at the PS, and recalled 
the discovery in 1963 of a double 
hyperfragment in emulsions ex

posed at CERN, remarking that this 
was an early example of the contr i
butions of Poland, a non-member 
state, to the achievements at 
CERN. 

Hadron physics at CERN had 
benefitted considerably by experi
ments using bubble chambers — 
first w i th the French 8 0 cm chamber 
and subsequently the CERN 2 m 
detector. An achievement of the 
early sixties which paved the way for 
the great successes of the SU(3) 
symmetry picture of hadron families 
was the determination of the relative 
parity of the sigma and lambda 
hyperons. 

Work wi th the CERN hadron 
beams had played a prominent role 
in the discovery of many new 
hadronic resonances and the deter
mination of the parameters of states 
previously discovered elsewhere. 
But Van Hove thought it 'sobering' 
that neither the J / ps i nor the upsilon 
were discovered at CERN, although 
these new particles were both 
quickly confirmed by experiments at 
the Intersecting Storage Rings 
(ISR). 

In the study of hadron dynamics, 
Van Hove highlighted the discovery 
of high transverse momentum coll i
sions at the ISR in 1973, which 
showed that in strong interactions 
there were hard scattering centres 
deep inside protons. This discovery 
was the pioneer of today's hadronic 
jet physics, now one of the most 
active fields of research wi th hadron 
and lepton beams. 

However these hard scattering 
events are only the 'outer frontier' of 
hadronic interactions at high ener
gies, a domain where many impor
tant experiments were done at 
CERN, and at the 76 GeV Serpukhov 
machine in the framework of the 
CERN/USSR collaboration. It was 
at the ISR that the proton-proton 
cross-section was discovered to rise 
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777e heavy liquid bubble chamber Gargamelle 
in position at the CERN 28 GeV proton 
synchroton where in 1973 it was the scene 
of the discovery of the neutral current 
(below). 'Gargamelle is now dead, but her 
discoveries remain as a crown of European 
achievement in physics, ' declared Van Hove. 

(Photo CERN 143.4.71) 

wi th increasing energy, showing that 
our present energies are far f rom 
asymptotic. 

In the early and middle sixties, the 
shrinkage of the proton diffraction 
peak was discovered at the PS, and 
very important experiments on pion-
nucleon charge-exchange scatter
ing, including the use of polarized 
targets, were also carried out. These 
studies gave much stimulus to the 
development of the Regge pole 
model of hadron interactions. 

Experiments at the ISR also 
discovered the diffraction min imum 
in high energy proton-proton scat
tering and the remarkable property 
of geometrical scaling of the shrink
ing diffraction peak. 

The very first result to emerge 
f rom the 4 0 0 GeV Super Proton 
Synchrotron (SPS) in 1 977 provided 
valuable information on the relative 
production rates of J / ps i particles by 
different hadron beams. 

In contrast to the rapid evolution 
of high energy physics as unex
pected discoveries open the door to 
new areas of study, measurements 
of the magnetic moment of the 
muon (the 'g -2 ' experiments) span
ned 2 0 years of activity at CERN, 
providing some of the most accurate 
measurements ever made in physics 
and displaying the impressive accu
racy of theoretical predictions using 
quantum electrodynamics. 

Turning to weak interactions, Van 
Hove described an impressive array 
of achievements, f rom the first 
observation of pion decay into an 
electron and a neutrino at the SC in 
1958, through to the latest results 
f rom the neutrino experiments at the 
SPS. 

Other early weak interaction suc
cesses included the observation of 
the 'beta-decay' of the pion and the 
measurements of the muon's heli-
city. 

The discovery of CP violation at 

Brookhaven in 1964 sparked off a 
flurry of activity in the study of 
neutral kaon decays. In the search 
for the origin of this new asymmetry, 
CERN checked in 1 966 that charge 
symmetry was obeyed in the decays 
of the eta meson, and 1 9 7 0 experi
ments revealed that t ime reversal 
symmetry did not hold in the decay 
of the long-lived neutral kaon, while 
CPT could be retained as a corner
stone of field theory. 

A totally fundamental discovery 
came in the PS neutrino beam and 
the Gargamelle heavy liquid bubble 
chamber, w i th the observation in 
1 9 7 3 of neutral current interactions 
involving both electrons and ha-
drons. 

This confirmed the predictions of 
the Weinberg-Salam theory of the 
unification of weak and electromag
netic interactions, and pointed the 
way to a new age of theoretical and 
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experimental particle physics. 
The same experiments estab

lished that there was a linear rise of 
the neutrino-nucleon cross-section 
w i th neutrino energy, and confirmed 
that the structure of nuclear matter 
as revealed in Gargamelle by neu-

r i no beams was essentially the 
same as that seen in high energy 
electron experiments at SLAC. Gar
gamelle is now dead, but her discov
eries remain as a 'c rown' of Europe's 
high energy physics achievements 
of the last 30 years, said Van 
Hove. 

Subsequent neutrino results, this 
t ime using beams f rom the SPS, 
have uncovered vital information on 
nucléon structure and charm pro
duction, and have measured the life
t ime of charmed particles. For elec
tronic neutrino experiments, the 
large detector at CERN had been 'in 
command' of the field since 1977, 
asserted Van Hove. Among many 
other results, it had given the first 
orecision determination of the mix-

g angle at the heart of the unified 
electroweak' theory. 

The CERN Research Director 
General closed his survey of 25 
years of CERN physics by pointing 
out that the next major task was to 
search for the radiation field pre
dicted to accompany weak interac
tions. W i th a unified theory of weak 
and electromagnetic interactions 
looking so promising, the discovery 

of this radiation would parallel the 
discovery last century of the electro
magnetic radiation predicted by 
Maxwell . 

He therefore compared the new 
proton-antiproton collider and ac
companying detectors, now being 
prepared at the SPS, to Heinrich 
Hertz' 1 9 th century apparatus which 
showed the existence of electro
magnetic radiation, describing the 
experimental programme at the 
collider as really 'Phase 2 ' of Hertz' 
experiments. 

The Future 

Leaving physics history to turn to 
prediction and speculation, the sec
ond speaker was Bjorn Wi i kp f DESY 
who outlined some of the physics 
possibilities of the future. 

I ntroducing the talk, Viki Weisskopf 
warned that what Wi ik would have 
to say might not necessarily be right 
in the end, but if he were wrong the 
actual observations would be all the 
more interesting ! 

Before looking into his crystal ball, 
Wi ik also underlined that the only 
thing we know is what has already 
been seen and measured, and in 
v iew of the not infrequent contradic
t ion between different experiments, 
what we know for sure is usually the 
result of measurements in several 
experiments. 

Wi ik sketched a physics picture 
based on families of quarks and 
leptons, w i th 'grand or less grand' 
unification schemes of the different 
forces of Nature pointing the way 
towards behaviour at higher ener
gies. However signs of gluons, Higgs 
particles, intermediate weak bosons 
and quarks should show up, he said, 
before confident predictions can be 
made for more distant energies. 

Complementary electron-positron 
and electron-proton machines were 
the ideal future armoury for Europe 
to continue in the forefront of 
physics, Wi ik declared, but progress 
into still higher energy domains 
beyond might be difficult. Therefore 
nucléon decay, one of the important 
predictions of grand unification 
schemes, had to be checked out, and 
its details could provide important 
clues about the interrelation of Na
ture's fields of force at energies inac
cessible by accelerators. 

The apparatus used by Heinrich Hertz last 
century to produce and detect the 
electromagnetic radiation predicted by 
Maxwell's equations. Now that modern 
theory seems to have linked electromagnetic 
phenomena with weak interactions, a parallel 
experiment has to detect the radiation field 
of weak interactions. 'All that has to be 
done', says CERN Research Director General 
Leon Van Hove, is to replace Hertz' oscillator 
(below) by the proton-antiproton collider, 
now being constructed at the CERN SPS 
400 GeV proton synchroton, and his 
detectors (above) by the vast underground 
experiments now taking shape at the SPS. 

(Photo Deutsches Museum, Munich) 
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