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I, + V/2 = integer = Q. (2)

Y is the conventional SU(2) hypercharge and is
given by V = -',m+ &(E -1)v, where m is the eigen-
value of the operator M given by deSwart and
E =—0 (mod 3). However this cannot be the proper
symmetry group since octets with v(=8) =1 are
not permitted by (1) and we consider U(3) @U(3)
as a possibility. ' In this note we discuss the
meson-baryon resonances in this framework.

Our two basic fields are taken to be U(3) trip-
lets g with baryon number 1 and V with baryon
number 2. It will be clear that to arrive at mul-
tiplets consistent with those already known in
SU(3) we must take both g and V to be the basis
vectors of D(1, 0) which is possible if we identify

in the V space. %'e must still specify the hyper-
charge of the triplets which we do as follows:
For the g field we take F = (2/~3m +2v/3 and for
the V field V= (2/~3m -v/3. Hence we have

In an attempt to generalize the octet model of
strong interactions, ' and in particular to explain
the existence of the nine vector mesons, one is
led to consider the full SU(3) symmetry F.or
those representations that occur in SU(3) but not
in the octet model [SU(3)/Z, ], one has the well-
known problem of particles with fractional charge. '
One method to maintain integral charge' is to
consider U(3) instead of U(1) @SU(3), where U(1)
is the baryon gauge group. ~ If v is the eigen-
value of the generator of baryon gauge transfor-
mations then we can arrange'

2x+p+v—= 0 (mod 3),

where the representation is denoted by Dv(A, p). '
This leads to

the pseudoscalar and vector meson as

gj83$ =(33, 1) =(8, 1) 0+(1, 1),

and the meson-baryon resonances as

gEgKgS V=(383@3,3)

=(16, 3) O+(6, 3) 0+(3, 3)O+(3, 3).

With our assignments (3) and (4) we find the iso-
topic spin and hypercharge assignments of the
18-dimensional representation (6, 3) to be

I—g, 2, 2, ~, 1, 1,0, 0

Y= 1, 1, -1, -1, 0, 0, 0, -2,

=P Q. ~ ~, g )V +H. c. ,
3 31

(6)

and so the resonances can be assigned to this rep-
resentation. If we had used the hypercharge as-
signment of Schwinger' as do Sawyer and Johnson'
then all hypercharges in (5) would be reversed
and we would be forced either to use the 45-di-
mensional representation or to build the reso-
nances from the product g R VR VK V which is
not a meson-baryon state. This will make a dif-
ference since the symmetry-breaking term of
Schwinger is not symmetric in g and V.

We would also like to point out that if we intro-
duce no fields other than g and V, then since U(1)
jgISU(3) is not a subgroup of U(3) we cannot find
a symmetry-breaking interaction which gives
SU(3) symmetry and the success of the octet
model must arise in a more sophisticated manner.
In this we also differ with the methods of refer-
ence 8.

The symmetry-breaking term in the Lagrangian
is given by Schwinger as

I=O, Y=O; I= —' Y=1. (4)

This assignment of hypercharge is opposite to
that of Schwinger' Bnd is necessary to insure a
proper determination of the meson-baryon reso-
nances (see below).

Vile construct the baryons as

gR V=(3, 3),

where we use the notation and phase conventions
of deSwart, and v =I, Iz, Y. Although we use the
SU(3) Clebsch-Gordan coefficients in the follow-
ing, this is to be regarded as a choice which will
yield apparent SU(3) symmetry in the results
rather than an imposition of SU(3) symmetry at
this level. In fact (6) is only one of many choices
to obtain U(2) symmetry Construc. ting the low-
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where T's are operators in the g space and & in
the V space.

The mass formula for the baryons and mesons
has been given by Schwinger, ' and we turn our
attention to the baryon-meson resonances. We
construct 18 orthonormal states from the set
(6, 3} using the SU(3) Clebsch-Gordan coefficients',
the states thus have SU(3) isotopic spin and hyper-
charge content and may be grouped into a decuplet
(N*, YI2', =«, 0) and an octet (N, A, Z, "). Using
(7) and the Wigner-Eckart theorem, and redefin-
ing the reduced matrix element appropriately,
we find

M(N2') = ap+ 16aI —a2 —2a2+ 5a4,

M(YI2') = ap+ 20aI —(16/3)a„

M(:"*)= ap + 24aI + a2+ 2a2 + 7a~,

M(Q) = ap+ 28aI + 2a2+ 4a2 —18a„

M(N) = ap —11al —a2 —2a2 —20a~,

M(Z) =ap - 33aI +a2 —a2 —(41/3)ap,

M(:") =/Ip-31aI+3a2+20a„

M(A) = ap —17aI —a2+a2+ 3a„

(Z [ Y *)= v2 [a, +a -a +(ll/3)a, ],

(= ( =*)= &2[aI +a2 —a2+ 5a~]. (10)

The constants a„a„a„a„anda, come from
(1, 1), (8, 8), (1, 8), (8, 1), and (27, 8), respective-
ly. If we ignore (i} the mixing (10) and (ii) the
coefficient a„ then (8) satisfies the usual decuplet

est order mass operator yields

1 1 8 1 1 8 7 8 g 8M= Tooo +000 + Tooo oooo + Tooo oooo 6T000 ooo

2( tip 1-10 100 +100 1-10 110

8 8 8 8
I/2 I/2 - I +I/2~I/2, l I/2~1/2 - I V I/O —I/2, 1

8 8 8
1/2 1/2, 1 +1/2 1/2 1 1/2 —1/2 1 +1/2 1/2 1

27 8 27 8
I/2 —I/2 —I 7 I/2~1/2 I ~ I/2ql/2 I ~l/2 —I/2, 1

8 g 27 8i
1/2~1/2 1 L 1/2 —1/2 —1 1/2 —1/2~1 +1/2~1/2 —1

+ (3/W2) Tppp 7000 '+ (W2/W3)

(Tlpp 100 Tllp I —10 I 10 110 / (

equal-spacing relation and (9) the 6-M-0 octet
formula. '0 In fact, (i) and (ii) are not independent;
if we require that the mixing is zero then (10)
shows that a, =0. Thus we obtain apparent SU(3)
symmetry (and, in fact, the more specialized re-
sult that the mass operator transforms like the
neutral member of an octet) in this model, by the
dynamical assertion of no mixing, as in the baryon
formula of Schwinger.

Requiring (Z IY,*)=(:-[:-*)=0 leaves three un-
knowns in (8) and (9). Fixing the position of the
N* and the level spacing, 5, of the decuplet de-
termines two of them and hence the position of
the octet is undetermined. If, for example, the
I= —,', 8= z (parity not known) resonance" at, M
=1515 MeV is identified as N, then the remaining
members of the octet lie just above the highest
energies presently studied; in fact, M(A) =2390
MeV. It should be emphasized that the model does
predict 18 baryon-meson resonances all with J
= &, even though they split into a set of 10 and a
set of 8, each satisfying the appropriate G-M-0
formulas separately.
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