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It can be shown that this formula is valid up to W =6m, with a precision of 20%.

Thus we finally have
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Of course, this ratio for W2=m,? also gives the branch-
ing ratio of the corresponding decay modes of the p°
meson. For g*/4r~2, §=1, and (=1 (¢ model), we
have
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to be compared with the experimental’ upper limit
1.5X1073, For completeness we give here also the

7 A. H. Rosenfeld et al., Rev. Mod. Phys. 40, 77 (1968).
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results for other decay modes:

-=3
Pp°—>21r°1r*1r_/rp°—>21+21r_= '}E y rlp+—>21r+1r-1r°/r‘p°—>21r+21r =%

Thus, if chiral predictions are correct, the branching
ratios for the 4r decay modes of the p meson are
extremely small.

Note added in manuscript. Since completing this paper
we have been informed that B. Renner (private com-
munication) has done a similar calculation using hard-
pion techniques.
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On the assumption that both peaks of the A» have JP=2%, an SU(3) double octet model is proposed.
A sum rule predicts a K’ at ~21300 MeV and implies that the two octets can be manifestations of an
octet of fundamental double poles. Predictions of partial widths for the decays of the two octets are in
reasonable agreement with experiment. The sum rule is also well satisfied for two octets of JP=1* mesons
and for two octets of JP=1~ mesons, provided the p’ and K*' mesons are degenerate in mass with the

p(765) and K*(890).

HERE is increasing evidence for the splitting of

the A, meson.!? In the following, we shall
explore the consequences for SU(3) if both the 4,
peaks have JP=2+ as seems to be favored by the
missing-mass experiments at CERN.!2 If indeed both
Asr, and Ay have JP=2+ then this would suggest
that there are two J?=2+ octets, and we may anticipate
that there is octet-octet mixing.? We shall adopt the
position that the f°(1260) and f*'(1515) correspond to
the isoscalar members of the two octets; this is in
contrast to the usual picture,* which takes the f° and

* Supported in part by the National Research Council of
Canada.

! B. French, in Proceedings of the Fourteenth International Con-
jl'eggg)ce ong{?igh-Energy Physics, Vienna, 1968 (CERN, Geneva,

s p- 21,

2 G. E. Chikovani ef al., Phys. Letters 28B, 526 (1969).

% Octet-octet mixing has been considered by P. G. O. Fi reund,
Phys. Rev. Letters 12, 348 (1964).

4S. L. Glashow and R. H. Socolow, Phys. Rev. Letters 15,
329 (1965).

f% to be mixtures of an octet and a singlet. In order to
complete the two octets, we predict a partner for the
K x5 (1420) which we call the K»'.
We shall choose the following form for the mass
Lagrangian:
L=L0M+LBM, (1)
where
L0M= 7}?«102 TI'(leM1)+m202 T].'(MQfMg) (2)
and
LpM=3m[ (M1")5*(M3) 3+ (M11) a3 (M 2) 5
—3 Tr(M" M) 4 3m2[ (M11)s= (M) o
+ MNP (M1)5*—3 Tr(M,'My) ]
+(1e2). 3
Here M, and M, denote the matrices corresponding to
the two fundamental JP=2+ octets; m1o and mso are

the “bare” masses of the members of the octets, 2
and m,? are the usual Gell-Mann-Okubo mass-splitting
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TaBLE I. Decays of the JP=2% octets.
Predicted width Experimental width
Process (MeV)? (MeV)
f—2r 0* <10+3
f'— KK 29 53_g5*28
12 17 <29-£9
f—2r 167 14525
f— K+K 0.7 <3646
=29 0 cen
As, —m 5
A — KK 2
Ao — 6
Ay — KK 3 e
Ky— Knr 24 45_¢t7
Ky — K‘r] 0.8 1.8_;.0M11
Ky'— Kr 14 ce.
Ky — Kn 0.2
Asp, — pm? 55
Aoy — prb 82 cee
Ky — K*r 30* 30_5*¢
Ky — oK 8 9.8_;*3
Ky’ — K*r 5 e

s Input values are starred.
b Although the total widths for A2 and A qx listed in Ref. 4 are of the
order of 30 MeV, the possibility of these being much larger is raised in Ref. 1.

parameters for the two separate octets, and m,, is the
transition mass.

In analogy with the usual treatment of w-¢ mixing,?
mass matrices for the 44, Ky, and f° doublets can be
constructed from the Lagrangian given in Egs. (2)
and (3). By diagonalizing these mass matrices, we
obtain six equations for six unknowns. These equations
for the respective members of the octets are

Aoz mad—Fmi+ma—im=ma 2 +mag?,
(mrg?—3m2®) (mag® —Fma?) — mas*=ma*may?
I°: madtgmiltmag®+fmat=m;2tmpo?,
(m1g*+Fma®) (mag?+Fmo?) — gmast=m Pmpo?;
M+ gml+mag+gmet=mi 2 +-mi
(m1g*+gmy?) (mag®+ Fma?)— (1/36)m,,t
= mKAFmKN/ .

KNZ

From these equations, we can find the mass of the
missing K y resonance

miyt=1(Mmal+ma)+5mptmp?)—mg,2.  (4)

If we substitute the mean experimental masses® into
the right-hand side of (4), we get mg, =1311 MeV. A
possible candidate’” for this resonance has been ob-
served in the K= mass spectrum in the reaction K+p —
Kr*p at 3 and 3.5 GeV/c with a mass mg, = 1260430

8 See, for example, P. A. Carruthers, Introduction to Unitary
Symmeltry (Wiley-Interscience, Inc., New York, 1966).
¢ N. Barash-Schmidt ef al., University of California Lawrence
11i{zild1da)tlon Laboratory Report No. UCRL-8030, 1968 (unpub-
shed).
7 B. French, Ref. 1, p. 116.
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MeV, and since it is observed in the K7 mode, this
limits its J? to the series 0%, 1=, 2+, -- -,

Within the experimental uncertainties of the masses,
we find that m2~m.?, and this result does not depend
sensitively upon the experimental errors of the masses.
Because of the error in the Gell-Mann-Okubo formula,
i.e., the neglect of the 27-plet symmetry-breaking
terms, we shall work with the mean experimental
masses. We find that m¢~1.8 GeV? and m?4m;~0.8
GeV2,

In order to describe the decays, we shall assume that
the Lagrangian for the decay into two pseudoscalar
mesons has the form

g Tr(M{P,P})+g. Tr(M{P,P})
+g/(M1)5* Tr(PP)+go' (M) Tr(PP). (5)

For the decay into a vector meson and a pseudoscalar
meson, we take

[ Tr(MLLV,P])+ fo Tr(Mo[V,P]). (6)

In Egs. (5) and (6), the P and V are matrix repre-
sentations of the pseudoscalar and vector meson octets.
Also, g1, g2 and f1, f2 are the SU(3) symmetric coupling
constants and g,’, go’ are the coupling constants de-
scribing a model of SU(3) symmetry breaking. Because
the f®and f* suffer the largest splitting, we have taken
the symmetry-breaking coupling constants to influence
only these particles. We have not assumed any sym-
metry breaking in Eq. (6), because there are insufficient
data to determine it at present.

In view of the simple interpretation that we have
adopted of the SU(3) breaking in Eq. (5) and the
neglect of breaking in Eq. (6), the predictions can be
considered to be in reasonable agreement with
experiment.

We shall now describe the decays of the two octets
and calculate the partial widths. In general, the
physical 4., Ky, and f° mesons are mixtures of the
corresponding members of M; and M, depending on
the three angles 64,, 6xy, and 6;. These mixing angles
may be determined by mie?, ma?, m %, ms?, and m,.2.
Since we have assumed that mjl’~m>~m¢?, we are
unable to solve explicitly for mi.?, but only for the
combination mm,2—m,,* which appears to be small.
In view of this and the fact that m>+m.? turns out to
be smaller than 2m¢®, we expect mi2? to be small, and,
in fact, it is perfectly consistent to take m1,2=0 in our
model. This leads to 64,= 6;=0xy= 23, which corre-
sponds to having zero mixing between the octets. In
reality, we expect there to be some mixing, but we
shall adopt this simple model to describe the decays.

By virtue of our solution m,2~m,%2, it is reasonable
to assume that g1=g,=g and f1= fo= f. We shall also
assume that g'=—g,/=g,'.8

8 With this choice of coupling constants and the mixing angle
6=3m, our model corresponds to the singlet-octet-mixing model
of JP=2*% decays when, in that model, the mixing angle is 1r.

It should also be pointed out that we have neglected the mixing
between the 7(549) and the 3’ (958).
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The following values for the coupling constants
g=—15.25 GeV™! and g'=6.82 GeV~! yield the pre-
dicted partial decay widths for decay into two pseudo-
scalar mesons shown in Table I. The experimental
value

['(Ky — K*r)=30 MeV

is used to determine f with the result f=35.45 GeV~2
The predicted partial decay widths for decay into a
vector meson and a pseudoscalar meson are also shown
in Table I. In calculating the partial widths, the
physical masses were used in the phase-space factors.

We shall now study the consequences of a double
octet model of SU(3) for the JP=1~ and 1% meson
resonances. There is mounting evidence for the existence
of a JP=1% meson A;;(1180) as well as the con-
troversial 41(1060).! We shall assume that the D(1285)
and the E£(1420) are the isoscalar members of the two
octets of JP=1% mesons, and that the K .(1230),
K 4’(1320), A1(1060), and A,’(1180) complete the two
octets. Another possible K 4 resonance has been reported
at 1780 MeV with 7=1, but the J? values are still in
doubt and we shall assume that it is not a 1% object.

In the case of the JP=1% mesons, the sum rule
analogous to (4) can be written

my 2tmi ot =1 (ma+ma )+ (mp*+mg?). (7)

If we use the mean experimental masses,® the left-hand
side gives 3.31 GeV? and the right-hand side gives
3.39 GeV?, yielding a difference of 29,. Thus, the sum
rule is remarkably well satisfied by the J?=1* mesons.

We discovered in the case of the JP=2+ mesons
that the “bare” masses of the two octets (denoted by
m1o® and mao?) were approximately equal. In the present
case of two JP=1% octets, we again find that m;®
mq’m® within the experimental errors; the values
me*>~1.5 GeV? and m+m,*~0.6 GeV? are obtained.
Since there are insufficient data on the J¥=1+ meson
partial decay widths, we shall not attempt to calculate
these at present.

In the case of the JP=1~ mesons, we shall choose
the »(783) and ¢(1019) mesons as the isoscalar members
of the two octets and complete the octets with the
p(765), K*(890) and predicted missing members p’

°The relation between g and g’ is determined by requiring
that T'(f* — 2x)=0. It is interesting to note that in our model
this also implies I'(f°— 2y¢)=0. If the coupling of f°— 2y is of
the same order as f% — 2y, then I'(f9— 29)=~1 MeV.
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and K*'. The mass formula in this case is
stk mgs =12t m, It md). (9)

If we choose mgx=~mg* and m, ~m,, then the sum
rule becomes

myP= %m92+%(mw2+m¢2) . (9)

In terms of the mean experimental masses, the left-
hand side gives 0.797 GeV? and the right-hand side
0.765 GeV?, a difference of 4%. The equality mio*>>ma*
is satisfied in this case to within 209, and the situation
in the case of the JP=1 octets is, therefore, similar
to the case of the JP=2%+ and 1* octets. This result
suggests that the p, p/, and K* K* mesons are de-
generate (or almost degenerate) in mass and can be
considered to form double poles even in the presence
of SU(3) breaking. It is clear that the p’ could be at a
higher mass, e.g., if the p’ mass were at =~1.6 GeV,!
then (8) would suggest that the K*' mass was at =~1.1
GeV.

We have looked at the predictions of this model for
the decay widths of the J¥=1— mesons into two
pseudoscalar mesons and have found that the decays
can be described consistently although no useful pre-
dictions can be made in view of the number of param-
eters that appear in the calculations.

We have proposed a simple SU(3) model describing
two octets having JP=2% assuming that both of the
peaks in the split 4, mesons have J?=2+ and [¢=1".
The model predicts a Ky’ around 1300 MeV and pre-
dicts the partial decay widths. It will be interesting
to obtain more accurate data on the branching ratios
of both 4,7, and A,y in order to test the predictions
of the model. The result that m,*~m,® raises the
interesting possibility that the J?=2% octets have a
common origin in an octet of fundamental double
poles.”* We have also proposed a double octet model of
the JP=1% and JP= 1~ mesons. A double pole model of
the p meson’? has been shown to lead to good agreement
with both electromagnetic form factor data and mp
charge-exchange scattering and polarization data.

Our results for the meson octets suggest perhaps that
there is a higher symmetry incorporating double octets
in terms of some new quantum number. If this higher
symmetry is broken, then m;*> will not equal m?
identically.

b J, W. Moffat, Phys. Rev. Letters 20, 620 (1968).
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