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THE ROLE OF SYMMZTRY PHYSICS -
SOME CONCLUSIONS FROM THEE OXFORD CONFEREUNCE
SEPTEMBER 1965

1. INTRODUCTION

Four years ago, in September 1961, some of us here today
were privileged to hear R.P, Feynman give the cencluding address
at the Alx-en-Provence Conference on Elementary Particles. For
those who heard it, this was a memorable experience - an address
of c¢lassic brilliance and eloguence,., Right at the outset, Feyn-
man made it clear that he did not conceive his talk as a sﬁmmary
of the Conference so much as a discussion of its flavour and of itis
conclusions in a wider sense. He wanted to ask himself what is most
characteristic of the meeting, what new positions we are in at the
present time, what kind of things may we expeot in the future. In
approaching my task today, in all humility, T would like to take
Feynman's address as setting a pattern and to ask the same guestions
he did once again. I shall make no attempt to summarize the Con-
ference, for this has already been done so brilliantly by speakers
in the plenary seésions.

For the 1961 Conference, Feynman concluded thal the thing
most characteristic of the meeting was the bringing into focus of
the reality of a few resonances 11 , f , e , K l
and the beginning of a philosophy of resonances., The theme for
1965 is undoubtedly once again the sams. We have lived through a

vear of rare achievement in a phenomenological correlation of the




resonances. This has been a vintage year in symmetry theory
with the emphasis shifting decisively from the mysterious
"intrinsic" to the more recondite dynamical syﬁmetries. We
have learnt, perhaps in a heuristic manner, how to extract
results from symmetry ideas and in the process wa believe we
understand better the power as well as the limitations of $he
synmetry method. But with all this, though the subject stands
transformed, today we are still far from a complete picture

of the dynamical mechanism responsible for the symmetiries and
particularly their persistence. One sometimes has the fee}ing
that we may perhaps he neaf the close of one chapter in strong
interaction physics, with possibly a new one to begin. A4ll this
has happensd with frightful suddenness and I would thus like to
spend my time in speaking of the symmetry situation as I under-

i

stand it.

Last year, at the time of the Dubna Conference, strong
interaction physics had reached a decisive stage with the dis~
covery of an approximate SU(3) synmetry as a direct generalization
of the isotopic—spin symmetry SU(2). Like SU(2), one had assumed
that SU(3) represented something "intrinsib" - g symmetry in the
un-understood tradition of the SU(1l) symmetries responsible for
charge and baryon number conservation. An internal, an intrinsic,
symmetry, in our present thinking, has nothing whatever to do with
the structure of space-time as we know it. All scattering matrices
must respect it.

About the same time as the Dubna Conference — an ocean

away at Brookhaven and Argonne - Gursey, Radicati and Sakita
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following Wigner's ideas of nearly thirty years ago, discovered
a2 new dynamical - as opposed to an internal - symmetry. This
was the famous rest-symmetry SU(6) with its magic multiplets
of éé and éé.

On the one hand it started off =z speculated chain of
generalizations; first the compact rest-symmetry, U{6; x U(6),
for accommodating still more resonances in one single multiplet;
then the non-compact symmetries like U(6) x U(é) x 0(3,1), U(6,6)}
and possibly even U(6,6) x 0(3,1), to accomazodate in one singls
“tower" an infinity of multiplets themselves., A seccond and still
more feverish search which began with non-relativistic SU{(E)
was Tor its relativistic completion- this to discover symmstries
of the S-matrix. The search led directly to the (broken ) sym-—
metries of SL(6,C) and U(12) and another set of remarkable
correlations -~ mainly for form factor phyeics. But with all
this undoubted achievement, there is also the realisation that
symmetries are no complete substitute for dynamics, nor - and
this is important - should one expect them to be. It is the
limitations of the symmetry method - rather mbre than their

known and outstanding successes = that I shall make the theme

of my remarks hers,




2, DYNAMICAL GROUPS IN GENERAL

Dynamical groups, relativistic or non-relativistic, are

no strangers to physica. In faoct it is of the essence of
"model-making” in atomic or nuclear physics that a'model is
{as a rule) soluble if it admits of a simple {dynamical) group.
The most instructive oaaé is that of the first system
ever treated in quantum physios -~ the source and fount of all
our wisdom in dynamical group theory -~ the hydrogen atom,
The group-treatment is so beautiful and yet so simple that I
would like to go over it in some detail.
Consider the Scohrodinger equation for a statioc Coulomb

potential, with the energy:
-
E id
Pauli, Bargmann, Fock, Hilthen and others made the following
discovery 'in the 1930's; introduce the angular momentum

operator

H

L r % k

~ -~

and a rather ocompliocated operator - the so-called Lenz vector -

o= (Lxpoprk)

~8E
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Now the set of the six operators L and M possess the following

remarkable properties.




(1) The two combinations

1'%Y
T

+ M)
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commute with each other. Both I and X obey the same commutation

relations as the conventional angular momentum vector Lj;
Lre L, ] - €5k Ly

Thus, 1ike Ly, I and X ray be considered as generators of rotations
in two distinct three-dimensional spaces. One may therefore
quantise [ and X independently with eigen-values i and k a.

(0, 3, 1, ++..). In more abstract language L and X are

group generators of the Algebra O(3) x O(3). This is also

the Algebra of & group of rotations in four dimensions o{4) = 0(3)

x 0(3).

(2) Most remarkable of all,the Hamiltonian can be written as
—4E'[£2+£2+%]-l
Thus in gensral the energy of level (i,k) equals i~

-4 E (i,k) = [i(i+l) + k(k+1) + %] -

Bach level ~ each multiplet - has the degenmeracy (2i+1) (2k+1).

(3) There is one further restriction on possible values of
i and k. UNote trivially that ,.I;',.M. = 0. Thus
2 2 .
L o= K~ and therefore i = k.,




Setting

n=2i +1 =2k +1

we finally get for the level (multiplet) mams:

1
B= =252,
(4) For the energy level (i,k), L = I + X varies between

[i - k|¢ L¢i + k. With i =k, each level (multiplet) n contains
gpin-values 0 f Lé(n ~ 1)}, Hence then we have a spin-containing

symmetry par exgellence. The symmetry of the Hamiltonian is

OI(3) x OK(B) - 0(4). This symmetry is much larger than the
angular momentum symmetTy OL(B) which is ocontained in 0(4).

All levels are labelled by itwo quantum numbers (i,k) with the
subsidiary condition i = k = E-g-}- « Bach level - each maltiplet
in modern usage — possesses a degeneraoy (2i + 1) (2k + 1) = n®
and encompasses spin states with spins ranging from 0,1,2, -....,

(n = 1), with a "mean mass" - -%-nE.
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3a MORALS FROM THE HYIROGEN PROLLEM

The hydrogen atom.has a number of lesscns to teach u=n.
(1} ‘Toe dynamical spin-containing symmetry 0(4) = 2{3) x
(3) arises peculiarly for the case of the % potential.  The
fact that the symmetry group is 0(4) (and not merely the
angular moweatum sroup 0(3)) is a consequence of the{%'law.
Any deviation from this idealization (a spin-orbit coupling
term, for example) will destroy the spin-containing symmetry
0{4). In this sense the existence of the 0(4) symmetry.is

a "dynamical accident", dictated by the dominance of the Coulombd

potential,
(2) If one scatters an atom of hydrogen in a level n, with

another excited in level n2, it ia far from olear that the
potential for the scattering problem will be the same %
potential. Thus to expeot that a general S-matrix element

may possess the 0(4) symmetry would be a completely new assump-

tion = utterly unrelated to the specirum~producing symmetry.

(3) It has been noted by Barut, Budini, Fronsdal, Gell-laun,
Dothan, Ne'eman, Bacry and others that one can formally adjoin
to the 6 generators of 0(4) another set of four, making up a
total of 10 generators for rotations in a non-compact (open)

de Sitter space — a space like the Lorentz space, but with one
time and four space~directions (X02 - K12 - X22 - X32 - Xdz =

constant). The ten generators make up the Algebra of the group

0(4,1). It so happens that one of the unitary multiplets of




0(4,1) is indeed the entire seguence ~ the entire towsr;
(i,k) = (0,0), (%:%)! (1,1}, oo
Tha eamplete hydrogen apeotrum, with a;l.l ita exoited levels,
corresponds in this description to a single unitary
representation of a (formal) group structurs 0(4,1). The
structure is a symmetry of the problem by courtesy only.
This is because at best 0(4,1) is a symmetry of the free
Hamiltonian 2% with the Coulomb potentisl left completely
out. It is a "broken symmetry" - a highly broken symmetry
indeed — yet it provides a "ussful liniting symnmetry’™, for
it yields, at one go, the entire sequencs of the

levels.

(4) The co-variant version of the Schrodinger egquation -
the Bethe-Salpeter equation - equally admits of the 0(4)

SYMmeLry group. This was first shown by Wick and Cutkosky.

This gem of a derivation of a dynamical symmeiry for
the hydrogen problem illustrates most of the approaches one
has followed in connection with dynamical symmetries of
elementary particles. Basically these approaches fall into

two distinct classes:

(a) The Composite llodels. Assume there exist entities

analogous to electrons and protons, a triplet of quarks (q)
with non~integral charges — or Van Hove-Nambu-Schwinger
triplets with integral charges. Such triplets automatically

allow for building in of the intrinsic symmetry SU(3). Set




up a (non-relativistic) Schrodinger equation with a spin-

unitary-spin independent force. This is where the basic

phveios goes in. One may or may not uese group theoretio

notions to solvethe three~quark {(qaq) or the quark-anti-quark (qq)
bound state equaiions. But the non-relativistic strong-biading
limit is indeed the SU(6) limit. I do not wish to go into any
datails of the calculations made. Professor Dalitz has covered
these admirably in his talk. One may, however, distinguish

two distinct variants of the basic model:

dodel 1¢ The Atomic Model.of Elementary Particles¥, where cae

azsumes that the inter-quark force is of a completely different
order of magnitude than the sitrong forces we are used to and
wihich determine the S-matrix in the relatively low-energy
collisions  (10-15 Bev) of the kmown composite particles.

If quarks do exist and are very massive — and if we also believe
that the origin of all mass (including quark mass) is dynamicél
in the last analysis = the high guark mass gould be a mani-

festation of such g super-strong force.

Model II ; The Ligquid-drop Model. The inter-quark forces are

assumed to be of the same variety and have the same symmetry
characteristics as the forces responsible for baryon-meson

scattering, etc. One may go even further and picturs all

*
One wonders how long one may persist with the use of the word

"elementary particle" for the known baryons and mesona., Only
if no quarks are ever discovered would one be juatified -

perhaps in 8 bootstrap sense — to continue to use this word at ail.







