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to (ip, ). The first term is a massless particle
state, as in the relativistic theories. The sec-
ond term yields contributions from intermediate
states whose energy becomes zero at zero three-
momentum. ' The third term arises from a
"spurion" state; when this contributes no theorem
holds.

This is the term discussed by Klein and I ee.
The introduction of a disconnected vacuum state
gives rise to a 5 (k) term in the Fourier trans-
form, a constant term in the commutator matrix
element, which can be used to break the sym-
metry. In order to get a finite contribution, the
coefficient of this state must have weight I/V,
the total volume considered, as is the case for
Klein and I ee.

An isolated eigenstate of energy-momentum
with zero eigenvalues can only contribute non-
relativistically. In a covariant theory, the
5 (k) term introduced into the commutator by
such a state must be multiplied by A&, the only

vector available, and its contribution is identical-
ly zero. '
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An ever increasing amount of experimental
evidence is being accumulated in favor of the
octet scheme' of SU(3) invariant strong inter-
actions. %e would like to suggest here, taking
the SU(3) symmetry as a new starting point, that
it is natural, or perhaps necessary, that we
should consider a hierarchy of symmetries
which are even larger and at the same time
more dramatically broken than the SU(3). Spe-
cifically we shall enlarge the symmetry up to
SU(3) 8 SU(3) 8 SU(3) 8 SU(3) from the following
considerations:

(1) It is natural to combine the conserved vec-
tor currents in weak interactions with conserved
axial vector currents, in which the pseudoscalar-
meson octet will play a special role. '

(2) One way to understand the "reason" for the
baryons to form a tensor (octet) representation
is to dissociate the two indices and assign them
to separate groups. ~ This would then make nine
baryons necessary.

We divide the baryon spinor field into the left-
handed and right-handed components gL
=(1+y,)it/2, gR =(1 —y, )g/2. Ea,ch is a 3x3
matrix g (p, v = 1, 2, 3) in the SU(3) space.

Then consider the following distinct operations:

~L L~L' ~L ~L L ' ~R R~R' ~R ~R R '
where each S is in the form

8
8=exp i P n, a.

- 2=1"-
using well known notations. ' Calling the infin-
itesimal generators of these four operations
GL, HJ, GR, BR respectively, construct

=G . +G . -H . -HV

i Li Ri Li Ri'

V

A VF. =G . -G . -8 .+8 . =I. y,
A VD. =G . -G . H . -H .=D. y, i =1 ~ ~ 8,i Li Ri Li Ri i

so that we have
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Table I. p' and I3' assignments for baryons.

A, V
Baryon

yI a

P " " Z+ Z 7 A Y '*

V V, A} . V, A
'i~a a

o o

An empty space means that the respective baryon
is not an eigenstate of 7'.

Same as reference a for I3'.

These will generate conserved vector (V) and
axial vector (A) currents of type F and D cor-
responding to the antisymmetric and symmetric
octet parts of 8x8. ' Out of these 32 generators
the following I.ie algebras can be constructed:

charge and third component of isotopic spin.
The assignment of Y' and I, ' to the baryons is
given in Table I. Due to the fact that the neutral
Y = 0 baryons (Z', A, Yo ) are not eigenstates of
Y' and I, ', the selection rules derived from the
latter will be weak for these baryons. Excluding
them, we thus find, for example, the selection
rules

N+=fZ+Z,
N+ NP:- + " in I = 1 channel.

={F, , D. ),

The second relation, together with relations im-
plied by F-type SU(3) only, ' leads to

Am~ ={F. , D. , F +DV V A Ag'2' k

The structure of the algebras is A„~ =[SU(3)]
as can readily be seen from the definitions ofF, F;A, D , DA. .A,o is the usual SU(3).
A11D contains conserved F -type vector currents
and D-type axial vector currents, etc.

In this hierarchy of possible symmetries,
presumably some are better manifested in na-
ture than the others. Now indications are that
(1) the axial vector weak currents are predomi-
nantly D;' (2) the baryon-pseudoscalar meson
coupling is also predominantly D,s which is quite
consistent with the Goldberger-Treiman rela-
tion (or the conserved axial vector currents).
Since the D symmetry seems significant, one
might also ask whether the D-type vector cur-
rent is meaningful. We are thus led to A11
A„, A», and A» as interesting algebras,
which we will examine below.

(I) A,o.—We assign the 8 baryons g, = (Z, A,
N, :-) together with g, = Yo~(1405 MeV) to a 9-
dimensional representation of A~. We have
four quantum numbers: Y, Js, Y', and I3' where
the first two are the ordinary (F-type) hyper-

which is compatible with the existing data. '
As for the mesons, there should be two octets

of vector mesons, VF and VD. ' Such a double
octet scheme of vector mesons may have some
support in the high-momentum behavior of nu-
cleon form factors. " As for the pseudoscalar
mesons I', there should be also two octets, "
with m, E, K, q belonging to the D type.

The D-type symmetry is presumably badly
broken. First there will be mass splittings be-
tween p, and g„VF and VD, etc. , which still
keeps F-type symmetry intact. Then the Gell-
Mann —Okubo splitting will break I', causing
also mixing of I; and A. If the g, -g, splitting
is such that m, =1400 MeV, m, =1150 MeV (be-
fore turning on the Gell-Mann —Okubo splitting),
the Yp* should have spin-parity ~+. If the split-
ting is so large that mp = -1400 MeV, ms=1150
MeV Yp should be & ." At the same time a
Goldberger-Treiman-type argument 3 would sug-
gest the existence of an octet {Sf }of scalar
mesons that strongly couples to the divergence
of the D currents. The strongest coupling should
result from the terms -(]m, (- (ms~)g»g, Sf+H. c.
(even relative parity) or i( Im, l+ l-m, l)g,&y, &,S&

+H. c. (odd relative parity), and hence copious
production of S mesons is expected in processes
of the type K +p-virtual Yp -baryon+S. In
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addition, there would be an "incomplete" octet

{S; ) arising from the partial breaking of F sym-
metry. '4

(2) A» .—This symmetry does not produce
the above extra quantum numbers F', I~', but

leads to conserved D-type axial vector currents.
This can be realized by assuming the baryon
mass to be of purely dynamical origin arising
from spontaneous breakdown of chiral sym-
metry. " The pseudoscalar octet should have
D-type coupling to the baryons and should be
massless in the limit of exact D symmetry. The
axial vector current conservation is broken only

by the masses of the P octet, and not by baryon
masses.

(3) A„.—This symmetry incorporates both
the new quantum numbers P', I3', and the con-
served axial vector currents of type I +D or
I" —D. Neither has definite "R parity, " which

may be a desirable feature in understanding why

the {10)baryon resonance multiplet seems fa-
vored by nature over {10)and {27)." On this
basis A»+ is the preferable one, which means
that the coupling g-„-.~ =0, g~~~=0. The AS
=1 leptonic decays of baryons will have the fea.-
ture that Z -n is pure vector. We have two
vector octets V+, VD, one axial vector octet A,
one pseudoscalar octet P, and two scalar octets
SD and SF (incomplete). A and P in this case
have also definite quantum numbers Y' = Y, I, '
=I,. That would imply selection rules such as

K+N $~ +Z

v +NPK+Z

K+NPK+ =.

Of course A» is broken and these rules are not
a.bsolute. "

In this scheme, the q decuplet {10)becomes
a member of a supermultiplet {45)which decom-
poses according to {10)+{8)+{27)under ordinary
SU(3). One might tentatively identify {8)with
the ~3 ~-N second resonance multiplet. As was
pointed out above, the parity of {8)and {27I can
be made arbitrary and a mass splitting between
the {10)and {27)of -3000 MeV would not be sur-
prising.

(4) A». —This is the largest of our a.lgebras.
It does not fix the coupling of pseudoscalar
mesons to baryons and leads to the existence
of 16 (or less) scalar, "16 pseudoscalar, 16
vector, and 16 axial vector mesons.

We expect the symmetries described above to
come to their own at very high energies where

the baryon masses themselves become insignifi-
cant. Their main predictions, which could be
tested in the presently available energy ranges,
are the existence of the 0~ and 1* meson states
described above. Should such meson states be
discovered in the future the algebras A~„will
be a good place to welcome them. The details
of this work will be published elsewhere.
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