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tions). The n.T- ~2 rule then forbids T=3, so
the decay amplitudes a» are purely symmetric,
with 7 = 1. Our theorem can therefore by ap-
pl. ied, and gives

2 Rea,a,
fa, t2+ ta, f'

If Ia, l= ta, I, then a, and a, must be relatively
imaginary to within about 1'.
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Indirect evidence has been presented for two
isoscalar mesons of spin and parity 0+: the
sigma meson' of mass m~=400 MeV and the
epsilon meson' of mass m =750 MeV. This
situation is reminiscent of the cu-(It) mixing prob-
lem and suggests that a similar model may be
appropriate. It is well known that if the observed
w and y mesons are assumed to be given by the
orthogonal states

l&u) =cosa (~o)+sire. (y,),

~ y) = sink l ~,) -cosA I q,),
where ~0 and yo are hypothetical pure SU(3)
singlet and pure SU(3} octet members, then
there exists a "mixing angle" ~ such that the
decay properties of ~ and y are well explained
and y0 has a calculated mass which satisifies
the Ge1.1-Mann-Okubo relation with the other
members, p and E*, of the vector octet. ~ Vfe
will show that if a and e are similarly assumed
to be mixtures of hypothetical pure unitary
singlet and octet isosinglet members a0 and
e„ the T= ~ member of the octet being «(725),
then a T = 1 meson ( is predicted, decaying
predominantly into g+7t. The ordering of mass-
es in this scheme is that suggested by various
bootstrap calculations. ~

Ne shall rega. rd as input data the masses and

widths of v and K. One additional datum is need-
ed to completely determine the scheme and,
for simplicity, we shall take for the mixing
angle A. the value sinA =1/v 3, which will be
shown to be reasonably consistent with the not
very well-established properties of e.

Noting that the orthogonal matrix

(
cosA. slfA

(sir& -cosh. p~
' (2)

M2=( ' "
lx to

(3)

to diagonal form (where oo and ea are squared
masses of the particles and x is a mixing mass),
we obtain

x =v2 (oo-eo),

G=2V -&0 0~

2 E'0 0'0~

hence, from the Gell-Mann-Okubo relation,

K 360

= 4K-2&-o.

(4)

formed of the eigenvectors (1), brings the mass-
square matrix
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E.g. , for s =w, v»-950 MeV; for e = p, on the
other hand, v» -875 MeV. In the latter case,
the "equal-spacing rule"

K-~=K -p=$-&

is well satisfied in the form appropriate for
an inverted octet. The ordering of levels is
in accord with predictions based on bootstrap
calculations for scalar mesons. ~

Turning now to the decay widths, we assume
that for the four physical mesons these widths
are determined by S-wave decays into two pseu-
doscalar mesons, namely 0-2v, e-2~, ~-E
+n, and» —i)+n. (Because of its even parity
and odd G parity, ( cannot decay strongly into
a state of fewer than five pions. ) For these
decay modes the decay rate may be written

I', = (g.'/4nm .') (P, /2),

where gi is the effective coupling constant, m;
is the mass of the decaying particle, and p;
is the momentum of one of the decay products
in the rest frame of the decaying particle. The
factors Cf =g '/4nmf' are dimensionless and,
as will become clear below, we treat them as
the characteristic constants in the split nonet. '

The relevant parts of the SU(3) D-type cou-
plings are given by

(7)

s -x++n, C =8/3(g '/4ne );a

x+ -K'+ tr+, C = 4(g '/4nx);

»'- i)+ n', C = 8/3(g '/4n»);
c 8

(Ba)

(Bb)

(Bc)

while for the singlet,

o -n +v, C =2(g '14ro ).
d 1

(Bd)

For (Ba), (Bb), and (Bd), the widths obtained
with the C. are two-thirds of the total widths
of the particles, and for (Bc) it is the total width.
These constants are derived from an interac-
tion Lagrangian

1~0T V ~ g8T1 0 y 8 r (9)

C =gC +gC
d a' (10)

where y and y' are 3 x3 matrices represent-
ing the pseudoscalar and scalar octets, respec-
tively.

Assuming again that sire = I/W3, Eq. (1) leads
to

C =gC +gC
v 1 a'

or, in terms of the physical particles,

=~C +[x/(v+2')JC,
E (T K

where the C's in Eq. (11) all refer to two-thirds
of the total widths. The total width of c for c
= p or e = ~ is then found easily to be about 135
MeV (taking I' =95 MeV, I' =23 MeV). ' ' By
contrast, for the case of no mixing, 1"&=1.5I'~,
and so is about 35 MeV. In this way one should
be able to tell whether the mixing picture is
necessary, as for the vector mesons, or not
necessary, as for the pseudoscalar mesons.

For the predicted T =1 meson (, decaying
into t)+n, I'» =&I' with mixing and, as stated
before, its mass would be about 900 MeV. For
no mixing, since s =x, we would have» = x and
I'~=-'I . Thus if P is observed, its mass and
width will also determine the amount of mixing.
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