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The strongly interacting particles exhibit 
various approximate regularities that appear 
to have rather special dynamical origins. 
Non-leptonic decays are governed by the 
AT - V 2 rule but with appreciable AT - 3/2 
admixture, which is not naturally explained 
as a symmetry property of the weak intera
ctions. Electromagnetic mass differences show 
a dominant AT = 1 effect in the approximately 
equal spacing of 2" , 2° and 2 + , but AT - 2 
must also be significant to account for the very 
nature of the pion mass spectrum (jt+ = n" =^ 

3x°). The baryon ( V 2

+ ) and baryon resonance 
(3/2 + ) multiplets are approximately equally 
spaced when they are regarded as U or V mul
tiplets, in the sense of the three isotopic spins 
T, U, V that characterize S U 3 symmetry. 
Thus, equal spacing for the U = 1 baryon 
multiplet JV°, V 2 ( ^ A + 2°), S° or the 
V = 1 multiplet S", V 2 ( 3 1 / 2 A - 2 ° ) , N + expresses 
the G(ell-Mann)—O(kubo) mass relation. It is 
a directly observable property of, say, the 
U = 3/2 resonance multiplet N*, Y*, S*, 
This means that the mechanism predominantly 
responsible for the mass splittings obeys A U = 
- 1 and AV = 1. 

We shall give a qualitative dynamical inter
pretation of these regularities in the frame
work of a recently proposed field theory 
of matter [1]. In doing this we face another 
such question, but one that, for the moment, 
lacks a definite experimental basis, How does 
the breakdown of the underlying W3 sym
metry produce predominantly S U 3 symmetry? 

1. The first in the hierarchy of interactions 
couples the gauge field B to the nucleonic 
charge-bearing fields ip a (N = ± 1 ) and 
Va (N = ± 2 ) , a = 1, 2, 3. That interaction 
is invariant with respect to the two independent 
internal symmetry groups U 3 and U 3 (V). 
Such is the underlying symmetry W3. It is 
broken by the interaction that exchanges nucleo
nic charge between i|) and V in accordance with 
the unitary structure "tjT3 (\|)V) and its adjoint. 
Although this is a strong interaction, it will 
be expedient to discuss its implications in the 
language of perturbation theory. 

The low-lying states that one identifies 
with degenerate families of physical particles 
are created by combinations of fields with 
opposite signs of nucleonic charge, as inqa%, 
i|>aV5, and tyatyb^cVd. All these combinations 
are characterized by invariance under common 
phase transformations of i|) and V, 

as distinguished from the phase transforma
tion of nucleonic charge. Thus the total nucleo
nic charges associated with the i|) and V fields 
in these states are related by 

If we assume that all other types of states 
(such as the triplets generated by tya and Va) 
are much more massive, the most important 
effect on the low-lying states, of the W3 destroy
ing interaction, comes from the part that 
is invariant under the common phase trans
formation. This is represented by the set 
of perturbation terms symbolized as 

The product of 2n field operators at distinct 
space-time points that is implied by (i^if>3)n 

can be decomposed into irreducible parts 
by means of the vacuum expectation value. 
Thus, (t|)3ih)^ is additively represented by 
a number ( i ^ ) 7 1 ; irreducible operator pairs 

multiplied by numbers which are the vacuum 
expectation values ( i ^ ) " " 1 ; and so forth. 
When all terms in the perturbation series 
are rearranged in this way, the resulting fun
ctional form is 

A vacuum expectation value becomes singu
lar as two points coincide. If the symmetry 
destroying interaction is sufficiently localized 
in space and time, owing to the dominance 
of very massive states, the consecutive terms 
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in the series (1), which involve successively 
fewer replacements of operator products by 
vacuum expectation values, may be of dimi
nishing numerical importance. Under such 
circumstances, the primary effect of the mecha
nism that breaks WB symmetry is to introduce 
a dynamical regime of S U 3 symmetry, as the 
symmetry group that governs common* trans
formations of tya and Va in the coupling 
term f 0 l ( « V ) ( V * ) l . 

The same mechanism has the secondary effect 
of breaking down S U 3 symmetry. This aspect 
of the perturbation is dominated by the term 
with h|) 3f 3] as a factor. The latter responds 
as a component of a three-dimensional Eucli
dean vector under the S U 3 subgroups that 
govern transformations in the 23 plane (U iso-
topic spin) and the 31 plane (V isotopic spin). 
Accordingly, matrix elements of this pertur
bation will obey just those selection rules, 
à U = 1, A F = 1, that are observed in the 
dominant part of the mass splitting that 
violates S U 3 symmetry. A relative measure 
of the higher perturbation terms can be had 
by comparing the 8 Mev excess in the mass 
of A, over the value given by the GO formula, 
with the average of the mass splittings between 
2 and N, S and 2 . This ratio is 1 : 23. If 
a similar ratio connects the first two terms 
of (1), the intervals between the S U 3 multi
plets of a common W 3 representation should 
be several Gev. The W 3 concept will acquire 
an observational basis when one finds some 
evidence of this larger pattern among the 
particles. 

The dynamical processes that result in bro
ken S U 3 symmetry possess the residual sym
metry that is described by the invariance 
group U 2 , generated by the isotopic spin 
T (SU2) and the hypercharge. 

2. The electric current vector is formed ad 
ditively from the operator products and 
ViVi (omitting spinor and vector indices). 
A part of the current is proportional to the 
electromagnetic vector potential A. Electro
magnetic mass displacements and the breakdown 
of SU 2 symmetry are produced by electromag
netic vacuum fluctuations, through this induced 
current, together with the second order effect 

* The addi t ional possibi l i ty of independent phase 
t ransformat ions fort|) and V is described by the nucleo-
nic charge phase t ransformation and by the common 
phase t ransformation t ha t leaves invar iant the lowly-
ing s ta tes . 

of the linearly coupled potential. The nature 
of the two mechanisms is symbolized by 

The operators and Vtfi behave as compo
nents of three-dimensional Euclidean vectors 
with respect to T isotopic spin transformations 
(12 plane). Therefore they have matrix ele
ments obeying AT = 1. The products of these 
operators also possess matrix elements with 
AT = 2. But such operator products can be 
decomposed into irreducible parts through the 
introduction of the vacuum expectation value. 
A term such as [tfifi] i) is characterized 
by AT = 1. These vacuum expectation value 
contributions, and the AT = 1 effect, will 
dominate to the extent that the electromagnetic 
mechanism is localized. Thus, the long range 
nature of electromagnetic action would seem 
to explain the comparative importance of 
AT = 2 effects, as measured by the 1 : 3 
(mass) 2 of j x + — n° and K — K + . 

3. The weak interactions of the strongly 
interacting particles are described by a coup
ling of the charged vector field Z with currents 
of the form indicated by" If $ 2 + ViV 2 = 1» 
A F = 0) a n d ^ 3 + VtVs (AT - V 2 , | AV| = 
= 1). The self-action of these currents through 
the intermediary of the Z-field contains a part 
symbolized by 

and its adjoint. This perturbation destroys 
the conservation of hypercharge (| A G | = 1) 
and induces isotopic spin transitions with 
AT = 3/2 and 1/2. The decomposition of the 
operator by means of vacuum expectation 
values gives the term 

f 2 ( M l ) f 3 + F 2 < W ^ 3 (3) 

and its adjoint, which is characterized by 
I AF I = 1 and AT - V 2 . We conclude from 
the observed dominance of the latter effect 
that the current self-coupling is effectively 
localized, or that the Z-field excitations are 
quite massive. The relative importance of the 
AT = 3/2 effect is measured by the amplitude 
ratio for K+ -> Jt+ + n° and Kl ~> n + + n" , 
which is 1 : 23. 

In order to make some further comments about 
the weak interaction (3), we recall the detailed 
structure of thefermion current that is coupled 
to Z^, 
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The opposite signs of / y 5 in the two terms should 
be noted. The AT = V 2 contribution derived 
from the second order-effect of this coupling 
contains the Green's function of the Z-field 
and of the field. When the product of the 
Green's functions is approximated by a four-
dimensional delta function, the resulting 
localized interaction is proportional to 

with its adjoint, which equals 

These leading terms would have vanished if 
the same sign fo / r\ had been used in the i|)i\|)2 

and tyity3 currents. 
ThecompleteAT = 1 / 2 9 > CP invariant pertur

bation is obtained by adding the parity pre
serving contribution of the V field, which 
is represented by 

No general statement can be made about the 
relative magnitude of the parity-violating and 
parity-preserving effects, particularly since 
the strong interactions of the broken S U 3 sym
metry scheme are of decisive influence on the 
observed phenomena *. 

4. In view of the serious technical obstacles 
to performing field theory calculations from 
first principles, it is useful to convert the cha
racteristic ideas of this field theory of matter 
into a corresponding phenomenology. Such 
a program is suggested by the structure of the 
electromagnetic interaction. The electromag
netic potential is coupled to the electric 
current vector 

This operator generates meson states of spin-
parity 1", as represented by phenomenological 
fields Thus, one could attempt to describe 
all linear electromagnetic interactions as pro-

* Indeed, the existence of these processes seems 
to involve the breakdown of S U 3 symmet ry , beyond 
the mere role of supplying the necessary energy. 
Thus the weak pa r i ty -v io la t ing coupling between 
K* and jt tha t accounts for K? -* Jt + Jt (see Ref. 2) 
would vanish if the K and Jt masses were equal, owing 
to the t ransversa l i ty of the four-vector K* field. 
A s imilar remark applies to baryon decays. As we 
shall discuss elsewhere, s imple models of pa r i ty -
conserving decays depend upon coupling constant 
differences tha t would be zero were S U 3 symmet ry 
not brokden. 

ceeding through the fields of 1" mesons with 
suitable quantum numbers. The least massive 
of these, co and Q°, might be of major importance 
in this description. Similarly, the vector and 
pseudovector currents that are coupled to the Z 
field can be represented approximately by the 
phenomenological fields of known 1" and 0" 
mesons. These couplings would describe all 
such weak interactions.* The so called Goldber-
ger — Treiman relations are an immediate 
consequence of this point of view which is, 
in a sense, a return to the original idea of 
Yukawa. 

The non-leptonic weak interaction (3), as 
clarified by (4) and (5), can be represented by 
suitable components of the phenomenological 
fields associated with 0" and 0 + mesons. Parti
cles of the latter type have not been identified 
with certainty **, but these excitations will 
exist somewhere in the mass spectrum. Such 
scalar fields will also represent the part of the 
perturbation (2) that produces AT = 1 ele
ctromagnetic mass displacements, as well 
as the portion of (1) that generates the mass 
splittings of broken S U 3 symmetry***. Scalar 
fields can also be used to describe the break
down of W3 symmetry. 

This is an outline of a phenomenological 
field theory, which gives quantitative expres
sion to the general ideas that have been expres
sed here. It will be developed in another publi
cation. 
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DISCUSSION 

R. E. M a r s h a k. 

Schwinger has noted the analogy between the 
lepton t r ip le t and his hadron t r ip le t s . I should like to 
point out tha t the «Kiev» symmetry about which 
I spoke in 1959 can be res ta ted in terms of a symmet ry 
of the lepton t r ip le t and the fundamental t r ip le t 
of Dirac fields in our present theory. From this ana
logy, one would argue t ha t the muon mass has a simi
lar origin to the (A — N) mass difference and the 
four-component neutr ino (consisting of the two compo
nents VE and v^) is the r emnan t of the par i ty degeneracy 
for the original bare mass «Lagrangian». 

Y a. A . S m o r o d i n s k i i 

What follows from the o j 3 scheme with regard to the nine-
component vector meson ( w - 0 problem) ? 

J. S c h w i n g e r . 
The proDlem of mesons (vector or preudoscalar) 

has very l i t t l e to do wi th W3 since \|)ai|)& refer to 
only one U 3 group, not two. The main formula for 1" 
and 0" mesons is obta ined by assuming a singlet-
octet sp l i t t ing and an S U 3 symmet ry breaking inte
rac t ions . 
Y a . B . Z e l ' d o v i c h 

What are the properties of the fundamental poles of 
the different components of \pl Is the concept of strangeness 
included a priori ? 
J . S c h w i n g e r . 

The three components of i|) are characterized by 
electr ical charge Q = — 1, 0, 0, hypercharge Y = 

— — 1 , — 1 , 0 and isotopic spin Ts = ^ » ^ ' °' 

The concept of hypercharge (i. e. «strangeriess») is 
impl ic i t in the U 3 t ransformat ions . 
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