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observed by a CERN group at 1420 MeV/c?; R. Armen-
teros et al., in Proceedings of the Sienna International
Conference on Elementary Particles (Societd Italiana
di Fisica, Bologna, Italy, 1963).

18The true mass of the resonance probably lies above
1500 MeV/c? due to the change in the @ value across
the broad resonance. See J. D. Jackson, Nuovo Cimen-
to 34, 1644 (1964). The estimate of the width is ob-
tained from the K;K; mass plot.

'R, C. Arnold, Phys. Rev. Letters 14, 657 (1965).

181, M. Hardy et al., Phys. Rev. Letters 14, 401
(1965).

19G. Goldhaber et al., Phys. Rev. Letters 12, 336
(1964); S. U. Chung et al., Phys. Rev, Letters 12, 621
(1964); Aachen-Berlin-Birmingham-Bonn-Hamburg-
London (I.C.)-Miinchen Collaboration, Phys. Letters
10, 226 (1964).

20N, Haque et al., Phys. Letters 14, 338 (1965).

M. Gell-Mann and Y, Ne’eman, The Eightfold Way
(W. A. Benjamin, Inc., New York, 1964), p. 11; J. J.
Sakurai, Phys. Rev, Letters 9, 472 (1962); S. Okubo,
in Proceedings of the Athens Topical Conference on
Recently Discovered Resonant Particles, Ohio Univer-
sity, Athens, Ohio, 1963, edited by B. A, Munir and
L. J. Gallahar (Ohio University Physics Department,
Miami, Ohio, 1963), p. 193.

2 After this paper was completed, we received a pre-
print in which similar but more extensive calculations
concerning this 2% nonet are carried out. See S. Gla-
show and R. Socolow, following Letter [Phys. Rev. Let-
ters 15, 329 (1965)].
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Thus far, it has been possible to associate
the low-mass baryon and meson resonances
with SU(3) multiplets. In addition to providing
a mass relation for members of a multiplet,
the symmetry model relates their partial widths
for decay into lower mass multiplets.! With
the discovery of the f’(1500),% it appears like-
ly that the sequence® f%(M =1253+10 MeV; "
=100+ 25 MeV), A,(M=1320+15 MeV; I'=85
+10 MeV), K*(M=1410+10 MeV; =100+ 20
MeV), and /(M =1500+ 20 MeV; ['=100 + 25
MeV) represents a nonet of JP =2% mesons.
Because of the variety of decay modes acces-
sible to these states, a comparison of avail-
able experimental data with the predictions
based on SU(3) is of interest. Details of the
calculations as well as references to other the-
oretical work on J¥ =2% mesons are given by
Glashow and Socolow.*

To estimate the branching ratios for the f°
and A,, we used events produced in 7~ +p in-
teractions at 3.2 BeV/c. Since this momentum
is near threshold for Y +K*(1400), we obtained
the branching ratios for K*(1400), using events
produced at 3.9 and 4.2 BeV/c. The quantity
of film used at each momentum is shown in
Table I. Results on the branching fractions
and cross sections are summarized in Table II.
To facilitate comparison with other experiments,

we indicate briefly the procedure used in the
analysis; details will be published elsewhere.

The number of events corresponding to each
decay mode and seen in our sample was esti-
mated. (In most cases a smooth curve was
drawn over the mass spectrum of the decay
products to represent the background; the num-
ber of events above the curve and near the mass
of the decaying particle was used.) This num-
ber was corrected for detection efficiency®
(column 4 in Table II), and converted into cross-
section units, by means of Table I. These val-
ues can then be directly compared to find the
desired branching ratios.

Since the f°, A,, and K*(1400) are all pro-
duced peripherally in 7~ +p interactions, the
low A? (four-momentum transfer squared) events

Table I. Summary of measured film used in estima-
ting branching ratios.

Beam momentum Sample size

Final state (BeV/c) (events/ub)
2 prongs 3.2 0.36
4 prongs 3.2 1.1
Events involving
strange particles 3.2 8.0
Events involving
strange particles 3.9 to 4.2 4.5
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were considered separately to reduce background.

In those cases where the peripheral sample did
not show evidence for a particular decay mode,
an upper limit for the branching fraction is
given. The removal of the corresponding num-
ber of events from this sample would leave a
depression of one standard deviation in the
background.

f°.—The number of f°~7" +7~ events was
estimated by comparing di-pion-mass spectra
from the reactions

T +p~1"+7 4n, (1a)
and
T +p—=1" +7°+p. (1b)

To remove background in Eq. (1a), the 777°
mass distribution beyond 1350 MeV was nor-
malized to the corresponding region in the 777
distribution and subtracted. The difference
shows a peak of 110+ 30 events centered at
1250 MeV, with a width I'=100 to 120 MeV.

Decays into KK pairs were studied in the re-
actions

+

T +p~K, +K, +n, (2a)
and
1 +p =K, +K~ +p. (2Db)

Both KK mass distributions show strong peaks
at 1310 MeV, so that the K,K, events of Reac-
tion (2a) in the f° region are strongly contam-
inated by A,°~K, +K, decays. Therefore, the
10+ 4 events above background in the 1200-

to 1300-MeV interval is an upper limit to the
number of f°~K, +K, decays, corresponding
to a branching fraction® I'(f°~K +K)/T'(f°)
£0.03. A consistent result is obtained when
events with A2<0.65 (BeV/c)? are examined
separately; in this case a comparison of KK
spectra from Reactions (2a) and (2b) suggests
that at most 4+ 8 K,K, events result from f°
decay.”

A,.—Evidence for the decay modes A, ~7 +p,
A,—-7m+7, and A,~K +K has been reported by
several groups.? In the present experiment,
the decays® A,” -7~ +p° and A,” - 7%+ p~ were
studied in the reactions

T 4+p—~m1"+n "+ +p, (3a)
and
T +p—=T"+p+MM, (3b)

where MM stands for the mass of unobserved

neutral systems; in (3b) we require MM 2 2m 0.
Because of large backgrounds associated with
these reactions, there is some uncertainty in
estimating the number of 4, events. The de-
cay mode A,” - n+7" also contributes to the
A, peak in the 7~ + MM spectrum of Reaction (3b).
To estimate this contribution, the MM distri-
bution was plotted separately for the 7~ + MM
combinations in the 1250- to 1390-MeV inter-
val. Although no clear evidence for an 7 peak
is observed, the MM distribution is consistent
with the presence of at most 10+10% nr~ de-
cays in the A, peak. Consequently, almost all
the 6813 events above background in the 7~
+ MM distribution must be attributed to the de-
cay A,” =7 +p~. Inthe 777”77 mass spectrum
from Reaction (3a), an A, peak of 165+ 45 events
is observed. A consistent number of events
is found in the peak when at least one 7~ 7"
pair is required to be in the p° interval. De-
spite the marked differences in background
in Reactions (3a) and (3b), the relative size
of the observed peaks is consistent with the
equality of the rates I'A,” =7~ +p°) and I'(4,~
-m%4+p7).

The reaction

AT Ap =TT AT 4T +p + MM (3¢c)

was used in the study of the sequence A,” -7~
+n, with n=7"+77+m or n~7"+7~ +y. Near
1320 MeV 4+ 3 peripheral events were found
above background, and the total sample gives
no additional evidence for this decay mode.
This implies.that the branching fraction I'(4,~
-7~ +1n)/T'(A4,7) is equal to 0.03+0.03.%°

The decay A, - X°(959) +7~ is also allowed
to proceed via strong interactions. No evidence
for the sequence A,” = X°+7 " 71" +7 " +7" + 79
~7~+7~ +77+ MM was observed when events
in (3c) were used. The branching fraction'*
[(X°~7~ +7" +n with n—MM)/I(X°) ~ 2 was
used to obtain the upper limit I'(4,” -7~ +X°)/
rA,7)<o0.1.

Identification of the KK peaks in Reactions (2a)
and (2b) with the A, ~ K +K decay has been dis-
cussed elsewhere.!? Since the peaks correspond
in position and width with those observed in
Reactions (3a) and (3b), we assume that all
K,K~ events above a smooth background in the
A, region result from A,” decay; this assump-
tion yielded the branching fraction I'(4,™ - K°
+K~)/T(A,) =0.055 0.015.

K *(1400).— The decay mode K *(1400) =K +7
has been observed in both Kp'3:1* and 7p inter-
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actions.!® The reactions
T +p~A+K 7 (+7°), (4a)
T 4p=-A+KO+nt 4T (+79), (4b)

were used to estimate upper limits for branch-
ing ratios of other decay modes. The three-
body final states in (4a) were used to find the
cross section for the sequence 77 +p - A
+K*(1400) ~ A +K +7, The Knm mass distribu-
tions for four-body final states in (4a) and (4Db)
were examined separately for events with a
K7 combination in the K*(890) interval or a
77 combination in the p interval. Of the five-
body final states in Reaction (4b), not one was
compatible with either of the decays K*(1400)
~K +7n or K*(1400) ~K +w. The reactions anal-
ogous to (4a) and (4b), but with a =° in place
of the A, lead to similar but even weaker con-
clusions. The branching fractions given in Ta-
ble II are normalized to the observed K7 mode.
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Recent evidence indicates the existence of
a nonet of JP=2% mesons. These are

K*(1430): T=3,v=%1,
A,(1320): T=1,Y=0,
F(1250): T=0,Y =0,
F'(1525): T=0,Y=0.

In this note, we compare the observed partial
decay widths of these states with theoretical
predictions based on SU(3). The results strong-
ly support the assignment of these states to
the reducible 1® 8 representation of SU(3) with
considerable f, f’ mixing. Certain remarkable
regularities characterize the nonets of J P_1-
and JP=2" mesons, and we present a theoreti-
cal framework from which these regularities
may be understood.t

A recent determination of the partial decay
widths of the 4,, K*(1430), and f(1250) may
be found in the preceding paper.? These eight
JP =2% mesons generally are not assigned to
an irreducible unitary octet, since their mass-
es do not satisfy the Gell-Mann—-Okubo formula,
but they are attractive candidates for a reduci-
ble nonet.! We speculate that the remaining
T=Y =0 member of the nonet is the recently
discovered® f’ at 1525 MeV. The physical f
and f’ are thus regarded as linear combinations
of the unitary singlet f; and the T=Y =0 mem-
ber of the unitary octet f;. The mixing angle
0, is determined* in terms of the observed mass-
es under the hypothesis that mass splitting
transforms like hypercharge under SU(3). We
obtain®

Sin292:(f/_f8)(f’_f)—l,
where f, = [4K *(1430)-A4,]/3 is the square of
the mass of the f, which would satisfy the Gell-
Mann—Okubo formula. This yields 6,~30°, so

that
f'= %ﬁfa_%fly

fz'éfs"*_éﬁfp

Consider the decays of the J£ =2 mesons
into two pseudoscalar mesons. We assume that
the coupling constants are given by exact SU(3),
so that there are only two relevant couplings
which conserve C:

(6)Y2F Tr(T{Pg, Pg}) + Gf, Tr(PgPy), (1)

where P, is the usual traceless 3 X3 matrix
describing the pseudoscalar octet and Tj is
the corresponding traceless 3 X3 matrix de-
scribing the JP=2% octet. Since the amount
of mixing is determined, we may express all
of the coupling constants of 4,, K*(1430), and
the physical f and f/ to two JP =0~ mesons
in terms of the two parameters Fand G. Ta-
ble I gives the predicted partial decay widths
which result when the experimental values

[(f -2m) =100 MeV and I'(4,~K +K) =6 MeV

are used as input. We have assumed simple
p°/M? phase space, as is appropriate for these
1 =2 decay modes when SU(3) is applied to their
relativistic matrix elements and no structure
is assumed. (M is the mass of the decaying
state and p is the c.m. decay momentum.)

Some decays of the JP =2% mesons into a
vector meson and a pseudoscalar meson are
kinematically allowed. There is just one SU(3)-
invariant C-conserving coupling,

H Tr(Tg[ Vg, Pg),

where V, is the traceless 3 X3 matrix repre-
senting the vector-meson octet. The decay
widths predicted in Table I are based on the
input

A, —-p+m) =70 MeV
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