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If we assume that the strong interactions of bary-
ons and mesons are correctly described in terms of
the broken "eightfold way' =9/, we are tempted to
look for some fundamental explanation of the situa-
tion. A highly promised approach is the purely dy-
namical ""bootstrap' model for all the strongly in-
teracting particles within which one may try to de-
rive isotopic spin and strangeness conservation and
broken eightfold symmetry from self-consistency
alone 4), of course, with only strong interactions,
the orientation of the asymmetry in the unitary
space cannot be specified; one hopes that in some
way the selection of specific components of the F-
spin by electromagnetism and the weak interactions
determines the choice of isotopic spin and hyper-
charge directions.

Even if we consider the scattering amplitudes of
strongly interacting particles on the mass shell only
and treat the matrix elements of the weak, electro-
magnetic, and gravitational interactions by means
of dispersion theory, there are still meaningful and
important questions regarding the algebraic proper-
ties of these interactions that have so far been dis-
cussed only by abstracting the properties from a
formal field theory model based on fundamental
entities 3) from which the baryons and mesons are
built up.

If these entities were octets, we might expect the
underlying symmetry group to be SU(8) instead of
SU(3); it is therefore tempting to try to use unitary
triplets as fundamental objects. A unitary triplet t
consists of an isotopic singlet s of electric charge z
(in units of ¢€) and an isotopic doublet (u, d) with
charges z+1 and z respectively. The anti-triplet t
has, of course, the opposite signs of the charges.
Complete symmetry among the members of the
triplet gives the exact eightfold way, while a mass
difference, for example, between the isotopic dou-
blet and singlet gives the first-order violation.

For any value of z and of triplet spin, we can
construct baryon octets from a basic neutral baryon
singlet b by taking combinations (btt), (btttt),
etc. **. From (btf), we get the representations 1
and 8, while from (btttt) we get 1, 8, 10, 10, and
27. In a similar way, meson smglets a.nd octets can
be made out of (tt), (tttt), etc. The quantum num-
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ber n; - ng would be zero for all known baryons and
mesons. The most interesting example of such a
model is one in which the triplet has spin 3 and

z = -1, so that the four particles d~, s~, u® and b°
exhibit a parallel with the leptons.

A simpler and more elegant scheme can be
constructed if we allow non-integral values for the
charges. We can dispense entirely with the basic
baryon b if we assign to the triplet t the following
properties: spin 3, 2z = -3, and haryon number }
We then refer to the members u3, d-3, and s~7 of
the triplet as "quarks" 6) q and the members of the
anti-triplet as anti-quarks . Baryons can now be
constructed from quarks by using the combinations
(qaq), @gaqd), etc., while mesons are made out
of (qd), (qqqq), etc. It is assuming that the lowest
baryon configuration (qqq) gives just the represen-
tations 1, 8, and 10 that have been observed, while
the lowest meson configuration (qq) similarly gives
just 1 and 8.

A formal mathematical model based on field
theory can be built up for the quarks exactly as for
p, n, A in the old Sakata model, for example 3)
with all strong interactions ascribed to a neutral
vector meson field interacting symmetrically with
the three particles. Within such a framework, the
electromagnetic current (in units of ¢) is just

i{%u.)/au_%a.}’ad—%g')’a S}

or %3, + Fgy/y3 in the notation of ref. 3). For the
weak current, we can take over from the Sakata
model the form suggested by Gell-Mann and Lévy ),
namely i Py 4(1+7v5)@ cos 8 + A sin 6), which gives
in the quark scheme the expression Honck

iuyy(l+y5)(dcos 6+ s sin 6)

* Work supported in part by the U.S. Atomic Energy
Commission.
** 'I‘hissis similar to the treatment in ref. 1), See also
ref.

*** The parallel with i v y4(1 + v5) e and i vy Ya(l + Y5)k
is obvious. Likewise, m the model withd™, s, u®,
and b° discussed above we would take the weak cur-
rent to he i(b° cos 6 + 1O sin 8) Yol + Y5) 8~
+i(u® cos 8 - b° sin 6) yg(l + y5) d~. The part with
Afng-np = 0 is just i G0 yo(l+vys)(d~ cos 6 + 8~ gin €).
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or, in the notation of ref. 3),

% 4‘5 s % d“5
[fla + '/loz + 1(/20[ + ‘/Zo)] cos 0
a 6‘5 3 7 0-5 2
+[./ + 4a+1(./éa+/)]sm9.

We thus obtain all the features of Cabibbo's picture 8)
of the weak current, namely the rules |all =1,
AY=0and |al| =3, AY/AQ = +1, the conserved
AY = 0 current with coefficient cos 6, the vector
current in general as a component of the current of
the F-spin, and the axial vector current transform-
ing under SU(3) as the same component of another
octet. Furthermore, we have 3) the equal-time
commutation rules for the fourth components of the
currents:

[F400 + Fa(x), 4(r) £ & 0()] =

kl [ 14("’ + 9[2("’)] 6(X'"{'),
[Zam * &'ji(x), F &) F Fo6)] =0,
i=1,...8, yielding the group SU(3) x SU(3). We

can also look at the behaviour of the energy density
844(x) (in the gravitational interaction) under equal-

time commutation with the operators Fj(x") i.é‘°—j45(x').

That part which is non-invariant under the group
will transform like particular representations of
SU(3) x SU(3), for example like (3, 3) and (3, 3) if it
comes just from the masses of the quarks.

All these relations can now be abstracted from
the field theory model and used in a dispersion the-
ory treatment. The scattering amplitudes for strong-
ly interacting particles on the mass shell are as-
sumed known; there is then a system of linear dis-
persion relations for the matrix elements of the
weak currents (and also the electromagnetic and
gravitational interactions) to lowest order in these
interactions. These dispersion relations, unsub-
tracted and supplemented by the non-linear com-
mutation rules abstracted from the field theory,
may be powerful enough to determine all the matrix
elements of the weak currents, including the effec-
tive strengths of the axial vector current matrix
elements compared with those of the vector current.

It is fun to speculate about the way quarks would
behave if they were physical particles of finite mass

(instead of purely mathematical entities as they
would be in the limit of infinite mass). Since charge
and baryon number are exactly conserved, one of
the quarks (presumably uf or d-3) would be abso-
lutely stable *, while the other member of the dou-
blet would go into the first member very slowly by
B-decay or K-capture. The isotopic singlet quark
would presumably decay into the doublet by weak
interactions, much as A goes into N. Ordinary
matter near the earth's surface would be conta-
minated by stable quarks as a result of high energy
cosmic ray events throughout the earth's history,
but the contamination is estimated to be so small
that it would never have been detected. A search
for stable quarks of charge 3 or +3 and/or stable
di-quarks of charge -4 or +3 or +} at the highest
energy accelerators would help to reassure us of
the non-existence of real quarks.

These ideas were developed during a visit to
Columbia University in March 1963 ; the author
would like to thank Professor Robert Serber for
stimulating them.
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* There is the alternative possibility that the quarks are
unstable under decay into baryon plus anti-di-quark or
anti-baryon plus quadri-quark. In any case, some par-
ticle of fractional charge would have to be absolutely
stable.
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