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WHAT DO PHYSICISTS EXPECT FROM HIGHER ENERGIES ? 

L. Van Hove 
CERN 
Geneva, Switzerland 

1. Introduction 

In trying to answer the question in the title of this lecture, we shall 
broaden the perspective somewhat. We shall compare the situation of 10 years 
ago, when the decisions to build the CERN Intersecting Storage Rings and the 
American and CERN proton synchrotrons of the 400 GeV class were just taken or 
in preparation, with the present time, when these and other new machines 
have already had an impressive impact on physics. The major discoveries made 
in recent years will be summarized, and we shall indicate the great potential 
which they reveal for experimentation at even higher energies. 

2. The 1966 Situation 

In the middle of the 60's the basic motivation of higher energy 
accelerators and of large storage rings was to make new progress in the study 
of the strong and the weak interactions. The electromagnetic interaction 
tended to be regarded as a rather separate and better known subject. 

2.1 Strong Interactions 

Since the early 60's strong interaction physics had the characteristic 
subdivision in hadron spectroscopy and hadrodynamics (dynamics of hadron 
collisions) which it has kept up to the present day. A conceptual bridge 
between spectroscopy of hadron states and dynamics of hadron collisions had 
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been built and widely investigated in the form of Regge theory and Regge 
models. This bridge was further strengthened in the late 60's by the 
duality concept and its realization in dual resonance models. 

Progress in hadron spectroscopy called for higher energy accelerators, 
not only to produce heavier hadron states, but also to have higher intensity 
beams of kaons and antiprotons. 

Going beyond the study of the simplest cases of particle production, 
hadrodynamics had become a typical high energy domain, and a strong convic
tion reigned that asymptotic simplicity would dominate the field at higher 
energies. It was believed that all cross sections should possess simple 
asymptotic behaviour as the energy goes to infinity, and higher energy 
machines were expected to bring the experimentalists into an "asymptotia" 
explainable by a small number of Regge trajectories. 

2.2 Weak Interactions 

Traditionally physicists were used to study the weak interaction through 
the decay properties of nuclei and particles. The early 60's saw the inaugu
ration of high energy neutrino physics with the neutrino beams of the 
Brookhaven and CERN proton synchrotrons. The great advantages to be expected 
from higher energies were obvious and provided another very strong argument 
for building a new generation of proton accelerators. 

2.3 Electron Machines 

Although, as mentioned above, the electromagnetic interaction was al
ready a better understood and more stabilized field of research, a number of 
high energy electron machines were in use or under construction in 1966, and 
the rich potential of research provided by the electron and photon beams of 
these machines was becoming apparent, especially for hadron physics. More
over, the first electron-positron storage rings pioneered a technique which 
later on turned out to be fruitful even beyond the most optimistic hopes. 
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3. The 1976 Situation 

The expectations raised by the accelerator construction programme of 
the 60's have been more than fulfilled. Not only did each of the main 
lines of research which were put forward 10 years ago give a rich crop of 
results, but a number of particularly significant discoveries were made 
which modified our basic viewpoints and deepened our understanding. We 
now summarize the main physics developments of the last decade and indicate 
some of their implications for the future. 

3.1 Trend to Unification, Quarks and Leptons, Gluons and Intermediate Bosons 

The traditional separation between leptons and hadrons, as well as 
between the strong and weak interactions, has given way to a more unified 
approach to particle physics. This trend is clear both experimentally and 
theoretically. Its fruitfulness has been remarkable. 

In the early 60's the classification of states in hadron spectroscopy 
had led to a schematic model of internal hadron structure with quarks as 
constituents. It was found that the best way to study this structure was 
to probe hadrons with leptons in experiments of high space and time 
resolution, the so-called deep inelastic scattering experiments of electrons 
and neutrinos on nucléons. The discovery that these phenomena (approximately) 
obey Bjorken scaling led to the picture of hadrons with quarks and gluons as 
constituents, the quarks behaving (almost) as free point-like objects. This 
picture is now an essential basis of our description of all hadronic pro
perties. Over and above a host of detailed questions, it confronts high 
energy physics with an outstanding problem for future research: the number 
and nature of the as yet hypothetical quarks and gluons, and the dynamics 
of quark confinement in hadrons. 

Quite independently, a theoretical trend to unification developed from 
progress in renormalizable field theory, based on the non-abelian 
generalization of gauge fields (Yang-Mills fields) and the Higgs mechanism 
of mass generation for the gauge field quanta. It culminated in unified 
renormalizable theories of weak and electromagnetic interactions (Salam-
Weinberg theory and generalizations). The experimental discovery of neutral 
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current weak interactions and their observed properties gave general support 
for such theories, as does the more recent discovery of a new family of 
hadrons (see below). The unified theories predict that, in addition to the 
well known photon, there must exist charged and neutral intermediate bosons 
for weak interactions, with masses in the range of 50 - 100 GeV. The search 
for these intermediate bosons and for other very high energy effects pre
dicted by the unified theories will be among the most important tasks for 
future machines. 

3.2 Weak Interactions 

The discovery of neutral current weak interactions in 1973 at CERN is 
perhaps the most important development of the last decade in fundamental 
physics. Its significance goes beyond any special theoretical scheme, in 
the sense that it establishes the existence of a truly new form of inter
action, never observed before. It is of paramount importance to determine 
the structure of this interaction in space-time as well as in the hadronic 
quantum numbers. This is being investigated by many experiments in neutrino 
beams of existing accelerators, and by other means as well (e.g. electro
magnetic transitions of atoms). It can safely be expected that the study 
of the neutral current weak interactions will also be an important activity 
on the next generation of large accelerators, irrespective of whether neutral 
intermediate bosons exist or not. Very high energies will be of great help 
for progress in this direction. Indeed, neutral current reactions are much 
more difficult to detect than the charged current ones (they transfer 
neither charge nor strangeness), and high energies should help by the larger 
cross sections and by the less formidable background problems. 

3.3 Strong Interactions, General 

The expectations of 10 years ago on the appearance of a simple strong 
interaction "asymptotia" at very high energies (see 2.1) were not ful
filled by the experimental findings at the CERN ISR and at Fermilab. Even 
at the highest energies (center-of-mass energy of 63 GeV at the ISR) , cross 
sections continue to show complex energy variations. Some of these are 
slower than at low energies, and there does not seem to be a reliable way 
to draw from experiments with present accelerators firm conclusions on the 
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asymptotic behaviour of strong interaction cross sections. In line with 
these experimental findings, the theoretical picture became quite complex 
also. Regge theory grew into a scheme allowing for many possibilities, 
which can only be guided by new experimental facts. 

All this implies that the field of strong interactions at high energies 
must be regarded as quite open for investigation by the future generation of 
proton accelerators and storage rings. Further interesting energy variations 
could still be expected even for the simplest cross sections. Thus, the 
total pp cross section, which goes through a minimum at a center-of-mass 
energy of 15 - 20 GeV, rises slowly through the CERN ISR range till 63 GeV, 
and it could do many things at even higher energies: keep rising, flatten 
off, go down again, be it presumably always at very slow rate. 

Another important lesson of the work on common hadron reactions at 
Fermilab and the ISR is the emergence of qualitative properties which 
remained hidden at lower energies: 

(i) appearance of an approximately flat central part in the 
longitudinal rapidity distribution of pions and slow 
rise of its height with energy; 

(ii) short-range correlations among the central pions; 

(iii) strong signal of single diffraction dissociation 
extending to quite high masses of the dissociated hadron; 

(iv) double diffraction dissociation with a cross section 
size compatible with factorization arguments. 

These phenomena and many others deserve further study at existing 
accelerators and are likely to remain of great interest for future machines. 

3.4 Strong Interactions, Large p Collisions 

As the developments sketched above were taking place, a more important 
event occurred in strong interaction physics, through the discovery of an 
unexpected class of phenomena, made in 1973 at the CERN ISR. They concern 
special collisions in which secondaries are produced with very large trans
verse momenta (à 3 GeV/c). The rate of such collisions is low but increases 
rapidly with energy, a behaviour completely different from normal low p 
collisions. 
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These so-called large p phenomena have a series of remarkable pro
perties which are currently under intensive investigation. They have a 
special jet structure in lateral directions, and the lateral jets have 
similarities with the hadron jets which are produced in e e annihilation 
at center-of-mass energies above 5 or 6 GeV. 

It is likely that the large p collisions are somehow related to the 
occurrence of point-like constituents in the badrons (see 3.1), although the 
actual facts are far from having found a satisfactory interpretation. It can 
be safely expected that much work will still be devoted to these new hadronic 
phenomena, on present and on future accelerators. The significance of this 
line of work is very high, in that it provides a phenomenological link 
between strong interaction effects and the weak and electromagnetic inter
action properties of hadrons. 

3.5 New Particles 

The last two years have seen another very important development, in 
fact quite a spectacular one, through the discovery of a series of new 
particles with high masses and unexpectedly long lifetimes. Experimentally, 
the bulk of the new findings was achieved in the study of electron-positron 
annihilation using e e storage rings at center-of-mass energies above 
3 GeV. The new discoveries so made must be regarded as a real triumph for 
this type of accelerator. 

All evidence now points to an interpretation of the new particles in 
terms of the existence of a new quantum number analogous to strangeness, 
which has been called charm, and of one or more new, "charmed" quarks c. 
Quite remarkably, this interpretation is in agreement with the general 
theoretical predictions of the unified field theories for weak and electro
magnetic interactions. 

A group of several metastable mesons of high mass ( >, 3 GeV), was dis
covered at Brookhaven, SLAC and DESY, the main contribution coming from the 
e e SPEAR ring at SLAC. They are all successfully interpreted as hadrons 
with quark constitution cc, although their extraordinarily long lifetime 
is not well understood. Further mesons found at SPEAR with a mass around 
2 GeV are likely to have the quark constitution cq or qc , q being an 
ordinary quark. Such mesons are charmed, i.e. they have non-zero value for 
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the charm quantum number. Evidence for charmed baryons has also been ob
tained in a very recent photoproduction experiment at Fermilab. 

Generally speaking, the proton accelerators have been less effective 
than the e e rings in the search and study of the new particles. High 
energy neutrino collisions, on the other hand, have given indications for 
the possible production of charmed hadrons, in the form of collisions pro
ducing two instead of one charged lepton in the final state (two muon 
events first found at Fermilab, and muon-positron events frequently accom
panied by a strange particle, first found at CERN). 

The systematic study of the new particles has, of course, only begun. 
It is undoubtedly a most important task of high energy physics experi
mentation for the coming decade. The main lesson drawn from their dis
covery is the surprising power of e e machines for producing such new 
phenomena with small "conventional physics" background. One must there
fore welcome the recent decisions to construct e e rings in the center-
of-mass energy range 10 - 40 GeV (PETRA at DESY, PEP at SLAC). 

3.5 Outlook 

After the discovery of the neutral current weak interactions and with 
the evidence for the existence of charmed hadrons, the outlook is very 
bright indeed for the coming years, irrespective of whether the theoretical 
schemes which have qualitatively predicted the new phenomena turn out to be 
confirmed in their more detailed features, or whether the true pattern of 
the new physics is still of a different sort. Paramount among the unsolved 
problems is the experimental proof or disproof for the existence of the 
intermediate bosons predicted by the unified gauge theories. More generally, 
the behaviour of weak interactions of charged and neutral current type must 
be studied up to momentum transfers of order 50 - 100 GeV/c. Then there is 
the whole spectroscopy of the new hadrons, and their decay and production 
systematics. There is also the continuation of more familiar lines of 

+ -research at the higher energies, with particular interest for e e 
annihilation and large p phenomena. For many years to come, the high energy 
physics community can look forward to a rich programme of research at a very 
high level of scientific significance. 
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4. Future Accelerators, the Need for a Strategy 

The recent developments have made it overwhelmingly clear that much 
new knowledge can be expected from higher energy machines. The interest 
of the phenomena to be investigated and the advances being made toward 
unified theories leave little doubt about the scientific validity and 
vitality of high energy physics. One can therefore hardly see any reason 
why a reasonably strong level of support would not be continued for this 
branch of physics, which is obviously quite fundamental and in a state of 
constant progress. In the writer's opinion, the problem is not so much 
whether new high energy accelerators will be built in the future. Right 
now in fact, new e e storage ring facilities are under construction at 
DESY and SLAC, and Fermilab is building an energy doubler to accelerate 
protons to 1000 GeV = 1 TeV. The problem is rather to ensure, through a 
proper strategy for future accelerators, that the world resources allocated 
to high energy physics be spent for the greatest overall benefit and 
advancement of science. Two circumstances play here a dominant role, 
firstly the evidence that the progress of physics demands various com
plementary types of machines, secondly the fact that the cost of each of 
them is likely to saturate the financial possibilities of a whole continent 
for many years. 

It is therefore of great significance to adopt a new, more systematic 
approach toward a world-wide co-ordination of future large accelerator 
projects, somewhat analogous to what was done in Western Europe in the early 
60's with the creation of the European Committee for Future Accelerators, 
ECFA. Following a recommendation of an interregional study group concerned 
with the possibility of a "Very Big Accelerator" on world-wide scale, the 
Commission for Particles and Fields of the International Union for Pure and 
Applied Physics decided in July 1976 to create an Interregional Committee 
for Future Accelerators, ICFA. It should sponsor discussions and studies on 
future large-scale efforts between the various regions of the world engaged 
in high energy physics research. The contribution which ICFA could make is 
very great indeed, just as ECFA played a crucial role for the successful 
development of European high energy physics. 



- 419 -

Looking more concretely at the situation in the three main regions of 
the world operating large accelerators, the following picture seems to 
emerge. The USSR high energy physicists, who are mainly using the 70 GeV 
proton synchrotron at Serpukhov, are making plans for a new machine of the 
same type in the energy range 2 - 5 TeV. It is hoped that the new synchro
tron will be built in the 80's and will be supplemented by an electron ring 
for the study of ep collisions. 

In the USA, the 400 GeV proton synchrotron at Fermilab is exploited 
for physics since 1972 and a 1 TeV energy doubler is under construction, 
which is intended to be used also in pp colliding beam mode with the ring 

*) . . + -
of the existing accelerator . SLAC is building the e e storage ring PEP, 
and two possible projects of very high energy pp rings, ISABELLE and POPAE, 
are under study. 

In Western Europe, CERN is completing the construction of its 400 GeV 
+ -proton synchrotron, and work has started on the e e storage ring PETRA 

at DESY. Preliminary studies are carried out on various storage ring pro-
*) jects, each one having its proponents . We note that, among the possible 

options, a number of physicists show particular interest in the choice of 
a very high energy e e facility as a future large European enterprise. 

If each of the trends mentioned above would materialize, we would have 
an example of a reasonable sharing of work between the various regions of 
the world for the high energy physics accelerators of the coming decades. 
While other forms of sharing are of course possible, it should be borne in 
mind that duplication of one of the very large projects contemplated may 
mean that another of the desirable machines would not be built, at least 
for a very long time. But intercontinental collaboration in high energy 
physics has developed rapidly in recent years, in particular with the 
exploitation of the ISR at CERN and the proton synchrotrons at Serpukhov 
and Fermilab. It may therefore not be too optimistic to hope that a 
reasonable co-ordination of regional plans will be achieved, aiming at an 
efficient use of necessarily limited resources for the further progress of 

*) Both Fermilab and CERN also discuss the possible utilization of their 
existing accelerators for pp colliding beam experiments. 
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high energy physics, and paving the way to a more integrated world-wide col
laboration in one of the most fundamental branches of science. 

While the above considerations only reflect his personal evaluation of 
the high energy physics outlook, the author wishes to thank various colleagues, 
in particular S. Fubini and E. Lohrmann, for many valuable comments and 
suggestions. 


