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THE ROLS OF SYMSTRY PHYSICS -
SOME GOSTCLUSIOIS PROM TIE OXFORD CONFERENCE

SEPTEMBER 1965

1. INTRODUCTION

Pour years ago, in September 1961, some of us here today

were privileged to hear R.P. Peynman give the concluding address

at the Aix—en-Provence Conference on Elementary Particles. For

those who heard it, this was a memorable experience - an address

of classic brilliance and eloquence. Right at the outset, Peyn-

man made it clear that he did not conceive his talk as a summary

of the Conference so much as a discussion of its flavour and of its

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 expect in the future. In

approaching my task today, in all humility, I would like to take

Peynman'a address as setting a pattern and to ask the same questions

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 sessions.

For the 1961 Conference, Feynman concluded that the thing

most characteristic of the meeting was the bringing into focus of

\J *
the reality of a few resonances Yi P L£ K.

and the beginning of a philosophy of resonances. The theme for

1965 is undoubtedly once again the same. We have lived through a

year of rare achievement in a phenoiaenological correlation of the
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resonances. This has been a vintage year in symmetry theory

with the emphasis shifting decisively from the mysterious

"intrinsic" to the more recondite dynamical symmetries. We

have learnt, perhaps in a heuristic manner, how to extract

results from symmetry ideas and in the process we believe we

understand better the power as well as the limitations of the

symmetry method. But with all this, though the subject stands

transformed, today we are still far from a complete picture

of the dynamical meohanism responsible for the symmetries and

particularly their persistence. One sometimes has the feeling

that we may perhaps be near the olose of one chapter in strong

interaction physics, with possibly a new one to begin. All this

has happened with frightful suddenness and I would thus like to

spend my time in speaking of the symmetry situation as I under-

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) symmetry as a direot generalization

of the isotopic-spin symmetry SU(2). Like SU(2), one had assumed

that 3U(3) represented something "intrinsic" — a symmetry in the

un-understood tradition of the SU(l) 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 - Giirsey, Eadicati and Sakita
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following Wigner's ideas of nearly thirty years ago, discovered

a new dynamical - as opposed to an internal - symmetry. This

was the famous rest-symmetry SU(6) with its magic multiplets

of 35 and 56.

On the one hand it started off a speculated chain of

generalizations; first the compact reat-symmetry, U(6) x U(6),

for accommodating still more resonances in one single multipletj

then the non-compact symmetries like U(6) x TT(6) x 0(3,l)» U(6,6)

and. possibly even U(6,6) x 0(3,1), to accom-aodate in one single

"tower" an infinity of multiplets themselves. A second and still

more feverish search which began with non-relativistic SU(6)

was for its relativistic completion- this to discover symmetries

of the S-matrix, The search led directly to the (broken) sym-

metries of SL(6,G) and U(12) and another set of remarkable

correlations - mainly for form factor physics. 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 more than their

known and outstanding successes - that I shall make the theme

of my remarks here.
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2. DYNAMICAL GROUPS I¥ GENERAL

Dynamical groups, relativistio or non-relativistio, are

no strangers to physics. In fact it is of the essence of

"model-making" in atomic or nuclear physios that a model is

(as a rule) soluble if it admits of a simple (dynamical) group.

The most instructive case is that of the first system

ever treated in quantum physios - the source and fount of all

our wisdom in dynamioal 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 Sohrodinger equation for a static Coulomb

potential, with the energy:

- T

Pauli, Bargmann, Pock, Hulthen and others made the following

disoovery in the 1930'sj introduce the angular momentum

operator

L = r x

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

Now the set of the six operators 1± and M possess the following

remarkable properties.
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(1) The two combinations

' & - • * ( £ . -JE5)

commute with eaoh other. Both I and K obey the same commutation

relations as the conventional angular momentum vector L;

Thus, like Lj I, and j£ iray be considered as generators of rotations

in two distinct three-dimensional spaces. One may therefore

quantise _£ and K. independently with eigen-values i and k =>

( 0, "i, 1, . . . . ) . * n more abstract language J^ and jC are

group generators of the Algebra 0(3) x 0(3). This is also

the Algebra of a group of rotations in ibur dimensions 0(4) * 0(3)

x 0(3).

(2) Most remarkable of all,the Hamiltonian can be written as

Thus in general the energy of level (i»k) equals »-

- 4 E (i,k) - fi(i+l) + k(k+l) +
-I

Bach level — each multiplet — has the degeneracy (2i+l) (2k+l),

(3) There is one further restriction on possible values of

i and k. Note trivially that L.M » 0. Thus

2 2
I =• K and therefore i - k.
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Setting

n - 2 i + l - 2 k + l

we finally get for the level (multlplat) mass:

(4) For the energy level (i,k), J& ~ £ + K, varies between

|i - k|$ l^i + k. With i - k, each level (multiplet) n contains

spin-values 0 £ I (.{n - l). Hence then we have a spin-containing

symmetry par excellence. The symmetry of the Hamiltonian is

0j(3) x 0K(3) - 0(4). This symmetry is much larger than the

angular momentum symmetry 0-.(3) which is contained in 0(4).

All levels are labelled by two quantum numbers (i»k) with the

subsidiary condition i - k • ̂ rp . Eaoh level - each multiplet

in modern usage - possesses a degeneraoy (2i + l ) ( 2 k + l ) - n

and encompasses spin states with spins ranging from 0,1,2, ....,

(n - 1), with a "mean mass" ~-x2.
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3. MORALS PROM TEE HYJ'ROGEN PROBLEM

The hydrogen atom has a number of lessons to teach u::,

(1) The dynamical spin-containing symmetry 0(4) ~- 0(3) %•

^(3) arises peculiarly for the case of the — potential. The

fact that the symmetry group is 0(4) (and not merely the

angular mome-itum ^roup 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", diotated "by the dominance of the Coulomb

potential.

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

another excited in level n?, it is far from clear 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 spectrum-producing symmetry.

(3) It haa been noted by Barut, Budini, Fronsdal, Gell-Mann,

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

2 2 2 2 2
time and four spaoe-directions (X_ — X-. - X - X, - X̂ , =

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

0(4,1). It so happens that one of the unitary multiplets of
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0(4,l) is indeed the entire sequence - the entire toVer;

(i,k) = (0,0), (£,£), (1,1), ...

Tha ftemplot« liydcogan opaotr™, with all it« exaite& i#V«lS|

corresponds in this description to a single imitary

representation of a (formal) group structure 0(4,!)• The

structure is a symmetry of th.e problem by courtesy only.

This is 'because at best 0(4,1) is a symmetry of the free

2

Hamiltonian -J-|i with the Coulomb potential left completely

out. It is a "broken symmetry" - a highly broken symmetry

indeed - yet it provides a "useful limiting symmetry", for

it yields, at one go, the entire sequence of the

levels.
('4) The co-variant version of the Schrodinger equation —

the Bethe-Salpeter equation - equally admits of th.e 0(4)

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

This gem of a derivation of a dynamical symmetry 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 Models. 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
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up a (non-relativistic) Schrbdinger equation with a spin-

unitary-spin independent force. This is where the basic

physios goas in. One may or may not use group theoretic

notions to Bolvathe three-quark (qqq) or the quark-anti-quark (qq.)

bound state equations. But the non-relativiatic strong-binding

limit is indeed the SU(6) limit. I do not wish to go into any

details of the calculations made. Professor Dalitz has covered

these admirably in his talk. One may, however, distinguish

two distinct variants of the basic model:

Model I» The. Atomic Model-of Elementary Particles*, where one

assumes that the inter-quark force is of a completely different

order of magnitude than the strong forces we are used to and

•which determine the S—matrix in the relatively low-energy

collisions (10-15 Bev) of the known oomposite particles.

If quarks do exist and are very massive - and if we also believe

that the origin of all mass (including quark mass) is dynamical

in the last analysis - the high quark mass oould be a mani-

festation of such a super-strong force.

Model II ; The Liquid-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 picture all

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

"elementary particle" for the known baryons and mesons. Only

if no quarks are ever discovered would one be justified -

perhaps in a bootstrap sense - to continue to use this word at all.
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collision processes (particularly those at high, energies)

as proceeding entirely through the medium of the constituting

quark matter.

The first model has been investigated extensively by

Uambu; the second by Dalitz, Morpurgo, Tavkhelidze and others.

Clearly the existence or lack of existence of quarks and the

character of any inter-quark forces presents the most crucial

question-mark which hangs over strong-interaction physics.

It is also clear from the relative success of the somewhat

crude models above how close in some respects our "elementary

particle physics" may be to the physics of nuclei and atoms

of yesteryears.

(b) The Phenomenological Group-Tneoretio Approach. . One may

defer the problem of existence of quarks except as a mathematical

auxiliary. Believing, as most of us do, that for systems of

such tight binding, one is in the relativistio domain, one may

feel shy of setting up Schrodinger equations. One may agree

to work instead with abstract groups and their generators as

distillations of a (spin-unitary-spin independent) dynamical

aituation. It is important to realise that for relativistic

quantum physics, with all its complexities, this may well be

the only type of "model-making", the only type of description

possible. The art then lies in working with that (relativistic)

formalism which goes most readily to the heart of the dynamics.

-10-


