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The twentieth century was the century of revolutions in
Physics

e Relativity - Special and General
e Atoms and atomic theory

°---

e Quantum Mechanics

e Particles and Fields

e Gauge theories and Geometry

e Each one involved new physical concepts, new mathematical tools
and new champions
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Some were radical, others were conservative.

| will talk about the last one :
Gauge theories and Geometry

It has been a conservative revolution : Things changed just
enough so that they could remain the same.

Yet, it influenced profoundly our way of looking at the
fundamental laws of Nature.

Not surprisingly, it was mostly rejected by the champions of
the previous revolutions.
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1966 : The first Moriond Meeting

Created by a group of friends who happened to be particle
physicists. They loved mountains and skiing and they loved particle
physics.

e 20 Participants

e Almost all talks were in French

e The subjects were mostly of local interest :

Photoproduction, Electroproduction, The deuteron,
Some projects for e — e~ physics
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e The main artisan has been our friend Jean Tran Than Van.
Moriond is his baby.

| will try to present this important phase transition, “From Many
Models to ONE THEORY" which occurred in our field, following

the Moriond meetings.

For a more detailed discussion see : ArXiv 2501.10233
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Compartmentalisation

By the late fifties the high energy physics landscape was
fragmented in many disconnected domains, having no common
trends and often ignoring each other.

For strong interaction processes the main approach was based on
the assumed analytic properties of the S-matrix elements, but we
had also several simple models, none with any solid theoretical
basis, each one applied to a particular corner of phase space.

For weak interactions the Fermi theory proved to be a very good
phenomenological model, but it had no logical justification and no
obvious connection with anything else.

Quantum field theory was noticeable mainly by its absence. Many
physicists had only vague and often erroneous ideas about it and,
to a certain extent, this misunderstanding has survived even today.
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» All meetings up to, and including, 1970 had the common title :

“Rencontre de Moriond sur les Interactions
Electromagnétiques”

although they started already to include subjects from strong
and weak interactions.
» The title of the 1971 meeting was
“High Energy Phenomenology”
and there were two sessions, one on Strong and one on
EM+Weak interactions®.

* A small number of participants followed both sessions

> There were also parallel meetings in Biology with some effort
to teach biology to particle physicists.
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Moriond Meetings

A general remark : The Moriond Meetings have been remarkably
reactive with regard to new ideas in HEP.

» The Veneziano amplitude
First published in the summer of 1968, discussed by M. Jacob
in Moriond 1969.

» DIS results and the parton model
Found at SLAC starting at 1969, discussed by C. Callan in
Moriond 1970.

» Nevertheless, Moriond, like every other Conference or
Workshop in our field, missed completely everything connected
with the emerging applications of gauge theories

» The first time the term “Yang-Mills” was pronounced was in
Moriond 1973.



e | want to emphasise the statement : “... like every other
Conference or Workshop in our field ... "

e None of the basic ingredients of gauge theories, such as
non-abelian gauge theories, the BEH mechanism, Yang-Mills
quantisation, etc, ever made it into a major HEP Conference before
1972.

e The few isolated physicists working in these fields were ignorant
of each other's work and often had to rediscover these results again
and again.

e Here | want to present only one example from my personal
experience : The Weinberg 1967 Model.

For a more complete discussion, see : ArXiv 2501.10233
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S. Weinberg, “A Model of Leptons” Phys. Rev. Lett. 19,
1264 (1967)

Today everybody knows this paper and it is among the most cited
ones in our field. BUT...

» This paper has practically no citations until 1972, the year 't
Hooft and Veltman proved the renormalisability of
spontaneously broken gauge theories.

» Personal recollections :

» We discussed it in a study group at CERN. We unanimously
decided that it was totally uninteresting. We forgot everything
about it.

» When we wrote the paper on charm with Glashow and Maiani
in 1970, none of us remembered anything about it. We do not
refer to it.

» Even more astonishing : Weinberg himself had forgotten this
paper and did not mention it in a seminar we gave at MIT.

> WHY??



e Widespread mistrust towards Quantum Field Theory.

e Problem with the title : "A model of Leptons” : All this
complicated theory for just one process?

e Few could appreciate the problems which the paper was solving.
Ex. The intermediate vector bosons : since they were not known to
exist, who cared how they were getting their masses?

e Nobody had seen weak neutral currents.
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The scheme which became The Standard Model was fully written
in 1973.
» It is a Quantum Field Theory which is : Renormalisable
and invariant under gauge transformations
U(1) x SU(2) x SU(3) = U(1)em x SU(3)

All these concepts, namely QFT, renormalisation, gauge
invariance, spontaneous symmetry breaking, asymptotic
freedom, - - - were quite obscure to the physicists of the sixties.

» Even the Founding Fathers Feynman, Schwinger, Landau, - --
had lost faith in renormalised quantum field theory.

» For most physicists the Standard Model was a wild theoretical
speculation with no connection to the real world.
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» A fourth quark, with all the associated hadron spectroscopy.
In particular, a new 1~ meson !

e In order to suppress decays like KO — putpu~ or a large

K1 — K> mass difference.

A whole new hadronic world because you don't know how to
suppress some tiny weak interaction processes ? ?

e In order to ensure anomaly cancelation.

Could an obscure higher order effect dictate the structure of
the world ?

Totally crazy!

» Admittedly, it takes a solid faith in quantum field theory to
accept such claims.
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The Price of the Standard Model

» Scaling violations in DIS.
Confusing and not very convincing
Many people thought that asymptotic freedom “proved” the
parton model.

> My remark :
“It is like in politics : whenever somebody talks about freedom,
it invariably turns out that he really means something else !"

» The Ratio R should be a constant.
In violent disagreement with experiment.



The R-puzzle

(Qz) o(eT+e~—hadrons)
U(e“re —pt4pT)

The parton model result :
R(Q?) = iei2
With the three known quarks R =3(4/9+1/9+1/9) =2



The R-puzzle

The QCD corrections at order s are given by the diagrams :

g
) 9
(b) (© (d)

R(Q?) = ¥ e (1+ 28 + 0(a2))
with

s(Q?) = gzmmiaz7a and A ~ 0(200 MeV)

R should approach the value of 2 from above.



The R-puzzle

1YY (aDONE)

E I BCF (ADONE)
§ cEa
§ SLAC -LBL
ll{ § wn {ADONE)
1

§ NOVOSIBIRSK.

A compilation of all early measurements of the ratio R, as
presented in the 1974 London International Conference on High
Energy Physics by Burton Richter.
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The R-puzzle

Excerpts from my report on Gauge Theories at the London
Conference :

» “. . .the hadron production cross section, which absolutely
refuses to fall, creates a serious problem. The best explanation
may be that we are observing the opening of the charmed
thresholds, in which case everything fits together very nicely.”
Charm would add 4/3 to R. Accident : 7 was at the same
energy.

» ‘| have won already several bottles of wine by betting for the
neutral currents and | am ready to bet now a whole case that
if the weak interaction sessions of this Conference were
dominated by the discovery of the neutral currents, the entire
next Conference will be dominated by the discovery of the
charmed particles.”



The phase transition :

Many Models = ONE THEORY

occurred between 1974 and 1976 with the discovery of J/W and
the charmed particles.

We now have a unique theory of universal validity.
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Conclusion

» The Moriond meetings cannot be blamed for having missed
the Rise of the Standard Model

Because nobody had noticed it.

> After 1973 all subsequent developments have been fully
covered at Moriond.

HAPPY 60th BIRTHDAY TO
MORIOND

and our best wishes to our friend Van!



