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For a value of (do/dQ)p equal to 11 mb/sr, the value
obtained by integration of Eq. (12) over u is 0.03 mb.

$The analysis of the experimental data excluded only
those events with values of ~ in the N~ mass band.

where a denotes the isotopic spin index. Let us
further impose the subsidiary conditions
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The purpose of this Letter is twofold. We want and (8=0,T =1). The pion field a is related to
first to point out that the group SU(4) introduced the axial vector field cp& through y~a = (I/p)&&wa,

by Wigner' to classify nuclear states can be ex- p, being the mass common to all mesons.
tended to the relativistic domain and it is, there- The conditions (2) are compatible with the equa-
fore, relevant for particle physics. We will next tions of motion only if L includes, besides II
show that when strangeness is taken into account [Eq. (2)], additional terms such that the mesons
the group SU(4) becomes enlarged to' SU(6) which (p, &u, w) are coupled to conserved currents. Thus
contains, as a subgroup, SU(3)@[SU(2)]&. [SU(2)]& cu and p are coupled to the conserved baryon and
is the unitary subgroup (little group) of the Lo- isotopic-spin currents, respectively, while the
rentz group that leaves invariant the momentum pion is coupled to a conserved axial-vector cur-
four-vector q. rent.

The group we consider here embodies SU(3) and It can now be shown~ that L is invariant under
the ordinary spin in the same way as signer's a group' g, which induces for each momentum q
SU(4) embodies isotopic spin and ordinary spin. of the mesons a unitary unimodular transforma-
Preliminary results on the classification of par- tion among the 15 degenerate states v, p, and n'.

ticles based on SU(6) seem encouraging enough to In counting the multiplicity we include, for a given
motivate a study of this group. ' momentum, the spin states just as for Wigner's

We begin by discussing the first point. Let us supermultiplets. Under this transformation the
assume that the p, &u, and w mesons are coupled nucleon (S= —,, T = —,) transforms like the four
to the nuclear field through a symmetrical La- dimensional representation of the group.
grangian of the form In the nonrelativistic limit, J-I gives rise to

a potential which describes spin- and isospin-in-
Mf dependent exchange forces (Majorana forces) be-

a a . a a, tween nucleons This po.tential is, therefore, in-=gl (d + r p +t p r cp ), 1
6 g p

' variant under Wigner's group SU(4). If now a
purely spin-dependent perturbation is introduced,
v and p remain degenerate whereas the pion splits
from them within the supermultiplet. We note that

(d =0, 8 p =0, ~, p, and w are associated with the adjoint repre-
PP '

l I sentation of SU(4). When this representation is
reduced under the subgroup SU(2) @[SU(2)]& it
splits into states with (J= 1,& = 0), (&= 1,& = I),
and (Z= 0,& = 1).

which insure that m&, p&~, p& describe, respec- These considerations are readily extended to
tively, particles with (J'=1,T =0), (8=1,T =1), include strange particles. In this case the SU(2)
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Table I. Some representations of SU(6) and their
unitary spin and spin content.

I.abeling Dimensions
D(~,~,x,~,x,)

Unitary spin and spin
multiplicities

(n, m)

(00000)
(10000)
(00001)
(01000)
(00100)
(20000)
(10001)
(30000)
(11000)

1
6
6~

15
20
21
35
56
70

(1,1)
(3, 2)
(3 s2)
(3*,3), (6, 1)
(8, 2), (1,4)
(6, 3), (3~, 1)
(8, 3), (8, 1),(1,3)
(10,4), (8, 2)
(10,2), (8, 4), (8, 2), (1,2)

isotopic-spin group is replaced by SU(3) so that

g, goes over into a group ge whose little group
is [SU(6)] which admits SU(3}IR[SU(2)]&as a sub-
group.

The representation of SU(6) can be character-
ized by five integers (X,A,X~X,A,,) where the Xf's
are functions of the five Casimir operators. Ta-
ble 1 shows some of the representations of SU(6)
together with their SU(3) and spin structure. The
symbols (~, n) in the third column refer to the
SU(3) and spin multiplicity, respectively.

The lowest nontrivial representation (10000)
has six dimensions. It represents a fundamental
SU(3) triplet with (ordinary) spin z. its SU(3)
@SU(2) content is (3, 2). The conjugate represen-
tation (00001) describes the antiparticle and its
content is (3*,2).

A Lagrangian similar to (1) can be written which
couples invariantly the fundamental triplet to me-
sons corresponding to the 35-dimensional adjoint
representation. When a spin-dependent perturba-
tion is introduced the 35 states split into a pseudo-
scalar octet and a degenerate vector nonet' with
negative parity. These can be identified with the
observed (v, K, ri) and (p, &o, K~, y) multiplets.
SU(6} provides, therefore, a natural explanation
of the degeneracy of the vector octet and the vec-
tor singlet in the nonet. All other meson-meson
resonances must belong to self-conjugate repre-
sentations of SU(6). Possible candidates are
(00000) with even or odd parity, (10001) with
even parity, (11011)with even or odd parity, etc.

The baryon octet and the 4 =
& decuplet can be

grouped as a 56-dimensional representation ob-
tained from the symmetrical combination of three
fundamental triplets. The reduction of the direct
product of 6|R}6@6gives rise to three representa-

tions with 20, 70, and 56 dimensions. The fact
that the ground state of the three-body configura-
tion is symmetrical (56-dimensional representa-
tion) in the spin and unitary-spin variables im-
plies that the two-body forces between them are
repulsive. This seems to exclude a scheme based
on only three fundamental quarks' whereas it is
consistent with model II discussed in Appendix IV
of reference 6. The connection of higher repre-
sentations with possible baryon resonances is
discussed by Pais. '

The splitting between the J=0 octet and the 4
=1 nonet suggests that the mass operator con-
tains a spin-dependent term which can only be a
function of J(J+ 1). A simple mass formula for
an SU(6) supermultiplet is the mass squared~ for-
mula

= po +o.J'(J'+1)+yfT(T+1) —4y ]

for mesons and

M =M, + aJ(J+ 1)+ b Y+ c[ T (T + 1) —
& y ]

for baryons.
These are by no means the most general mass

formulas that can be written on the basis of a
broken SU(6) symmetry. The mass formula prob-
lem is further discussed by Pais. ~

The interaction Lagrangian with conserved cur-
rents is generated from the free Lagrangian
through a gauge transformation4 associated with
the group ge..

' As in the case of the electromag-
netic interaction this implies parity conservation
for the strong interactions invariant under g~.
Hence all the states of an SU(6) supermultiplet
must have the same parity. Our scheme is,
therefore, different from others that have been
discussed recently'»; in particular it does not
predict 0+ and 1+ mesons degenerate with the
existing 0 and 1 mesons. The degenerate states
associated with the meson states for given mo-
mentum g and given SU(6) quantum numbers are
simply the states corresponding to the opposite
momentum and the same SU(6) quantum numbers.
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It is the purpose of this note to discuss further
the possibility' that a broken [SU(6)]- is a useful

q
symmetry in strong interactions.

To introduce some questions which arise, con-
sider Wigner's nuclear SU(4)-multiplet theory. '
Representations of this group label multinucleon
states in a given nuclear E shell. This is useful
largely because spin-orbit coupling can be ne-
glected to a good approximation for low-lying
states. Spin-orbit forces will lead to some re-
coupling and accordingly the classification under
SU(4) gets less good for higher excitations, as
emphasized by %igner.

Likewise for SU(6). Call (M) q
and (B) q

the
respective meson and baryon representations.
For M-fl scattering one must reduce out ((B)
S(M)] where a represents the orbital variables.
After taking out the center of mass, one can
choose o, = (k, l, ls), l =orbital angular momentum.
For each partial wave there may be recoupling
between l and the (B,M) spina. Where this is
unimportant, we can just reduce out (B)Q(M).

This leads to a maximum possible spin for the
baryon resonances, namely ~& with the proposed
choice of representations. ' Higher spins are a
sure sign of (l, s) coupling. In the region where
this starts to happen (it appears' to be -2 BeV),
the assignment of resonances to "new" SU(6)
multiplets becomes considerably more compli-
cated.

In view of this complexity, it may be asked
whether it is necessary to put (8, 2) and (10, 4) in
56, as proposed, ' because the breakdown SU(6}

-factorized [SU(3)SSU(2)] (first stage)-broken
SU(3} (second stage) has a first stage of which
the scale is not known beforehand. However, the
choice 56 becomes more suggestive through mass
considerations. The success of the Gell-Mann-
Okubo formula as an effective first-order pertur-
bation leads one to try the assumption that SU(6}
-broken SU(3) is additive in the first- and second-
stage breakdowns with coefficients that depend on
the (five) Casimir operators C. of SU(6) only.
This is achieved by M =M0+a0(C;)F8+ b0(C;)
xdS~KjFu or'

M =M +a(C.)Y+b(C )[I(I+1)--,'Y'-.-,'E'] (1)0 ' i

(F'=E;Ef). Mc is the central mass of an SU(3)
multiplet,

(C )+~(C , F'*., d F F. F, ~. .(Z .1).)+(2).0 00 i i' '
cgk sg

M~ is the central mass of the SU(6) multiplet.
%e shall see shortly that the dependence of the
SU(6)-breaking term m on both spin and unitary-
spin invariants is essential, and the same is
true for the C; dependence of the quantities a, b,
etc.

Application of Eq. (1) to the meson 35 yields
(using the quadratic mass relation) pa-v' =K*'-K',
knowns to be true within the p-mass accuracy.
Equation (1) as a linear mass formula gives for
the 56 a calculated (10,4) equidistance= 130 MeV,
derived from the (8, 2), close enough to the ex-
perimental value ~145 Me& to make the choice
56 quite attractive. ' The first-stage split be-
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