
Vol.UMz 16, RUMBLER 8 21 I'zsRUwRv 1966

CURRENT ALGEBRAS AND NONLEPTONIC E-MESON DECAYS

S. K. Bose* and S. N. Biswas

Centre for Advanced Study in Theoretical Physics and Astrophysics, University of Delhi, Delhi, India
{H,eceived 3 January 1966)

Recently the commutation relations of the
vector and axial-vector currents proposed by
Gell-Mann' have found several' &' important
applications. In particular, Sugawara' and
Suzuki' have given a model for the s-wave part
of the nonleptonic hyperon decays based on the
following assumptions: (1) The weak Hamilton-
ian is a product of CP-even Cabibbo currents,
(2) the strangeness-conserving axial-vector
current is partially conserved, (3) the commu-
tation relations of the fourth component of axial-
vector current Ap(x) with the weak Hamiltonian
is that derived from a quark model, and (4) an

unsubtracted dispersion relation in momentum
transfer is valid for the decay amplitudes. In
this note, we apply the above model to the non-
leptonic K-meson decays together with one
further assumption; namely, that (5) the final
3~ state in these decays is completely sym-
metric with respect to the space coordinates,
i.e., each pair of pions is in relative s wave.
This last assumption is the simplest one con-
sistent with Dalitz's analysis of the 7. spectrum.
We shall throughout neglect the CP-nonconserv-
ing effects in E-meson decays.

We first consider K-3r modes. From as-
sumptions (1)-(4) and following the procedure
of Ref. 3, we obtain the decay-matrix elements'

in the right-hand side of Eq. (1) are in s wave
and hence directly related to the E-2n ampli-
tude. Now it is a well-known consequence of
CP invariance and the current&current picture
that H is a linear combination of octet and 27-
piet tensors and that this Hamiltonian rigor-
ously forbids the E —2~ transitions' in the
limit of exact SU(3). Equation (1) now says
that the K-3v transitions are forbidden as
well. We thus conclude that, in the limit of
exact SU(3), assumptions (1)-(5) forbid all non-
leptonic K-meson decays.

To discuss these decays„we have thus to
consider departures from exact SU(3) brought
about by medium-strong interaction (mass dif-
ferences). We do this in the usual way, e.g. ,
by introducing a spurion g and treating the de-
cay process as g+K-3~. From the Okubo'
hypothesis q transforms as the I = 0, Y' = 0 mem-
ber of an octet, all other properties of g being
those of vacuum. The initial state can be de-
composed into a linear combination of 8s, Ba,
27, 10, and 10* states. Once again, from CP
invariance it follows that' out of these states
only the Ba will make a nonvanishing contribu-
tion to the decay matrix elements. Thus we
obtain the final expression for the decay ampli-
tude:
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In (1), g~ is the pion-nucleon coupling constant
g~'/4v =14.8, g~ the axial-vector renormal-
ization constant, and M the nucleon mass. H
is the weak Hamiltonian and v stands for (I, Ip, 1').
For K decays v~=(1, 1, 0), v, =(—,', ——,', -1), while
for I7 decays v, = (1, -1,0) and v, = (-,', —,', 1). He-
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It is understood that the above expression is
to be properly symmetrized with respect to
the final 3v system. From assumption (5) and
the Bose principle it follows that the 2n states
occurring on the right-hand side of Eq. (2) exist
in 8s and 27 only:
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We express IIv5v6 in terms of 8 and 27 tensors:
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ment of CI' invariance has not yet been exhaust-
ed. Imposing this requirement, i.e., (2rr IH IZ, ')
=0, (3rr IH IZ, O) =0, we get three constraints:
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From Eqs. (2)-(4) and using the Wigner-Eckart
theorem we express the decay amplitudes in
terms of seven reduced matrix elements. No-
tice that in the same process we have picked
up the E-271 amplitudes as well. We evaluate
the relevant Clebsch-Gordan coefficients' and
summarize our results in Table I. A closer
examination of this table reveals that the decay
amplitudes are given actually in terms of five
parameters, as the reduced amplitudes
(OIIP'IIO), (8 11 T'IIO)s, and (27 IIT'118) occur
always in a fixed linear combination and hence
act effectively as a single parameter. It is
further evident from Table I that the require-

-,'(8 II T '
ll 8) + (—,')'"[(8 ll

T'
ll 8) + 4 (27 II

T'
ll 8) ] = 0. (8)

Thus, finally, we obtain a two-parameter for-
mula for each of the seven nonvanishing decay
amplitudes. Hence there exist five relations
connecting these amplitudes. These are
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Table I. Expressions for decay amplitudes.

(27/1T 118)g (271[T [18)p (811T 1[8) (811T 118)s (811T 118)a (2711T 118) (11/T ][8)

Kg 7r +fr

K P-~P+~P

p +
K2 7r +m

K P-~P+~P
2

IC ~rr +rr +w

+
Kg 7r +7r +m'

K P-7rP+7rP+mP

+K2P-~ +~ +~P

K P-~P+~P+~P
2

17 15
100 56

17 5
200 84

17 5
200 56

1
20

3&2
80

v2
240

R
120

1
80

vS
75

1 5
450 2

v'5

450

150 6

1
10 120

20

va
60

E6
120

1
40

1 3 1 1
120 20 8 60

1 1 1 1
40 120 8 120



VOX.UME 16, NUMBER 8 PHYSICAL REVIEW LETTERS 21 FEBRUARY 1966

We now discuss relations (7)-(11). First,
we must emphasize the general validity of these
results notwithstanding our restrictive deriva-
tion, e.g. , use of first-order symmetry break-
ing. To see this, consider second-order sym-
metry breaking. By repeating the arguments
used before we conclude that the only "initial"
state which now contributes to the decay pro-
cess is an octet constructed symmetrically
out of q and I%7))8 . Clearly, (7)-(11) are re-
produced to this. order. Proceeding in the same
spirit we may confirm the validity of (7)-(11)
to any order in symmetry breaking. '

In our derivation, the current commutation
rules have not been used at all in obtaining
relation (7). In fact, it follows from isospin
formalism and assumption (1) alone. " Equa-
tions (8) and (9) are well known. They can be
derived" from isospin formalism and assump-
tions (1) and (5). Relations (7)-(9) thus do not
test the validity of the present model. The re-
sults that do depend on the reduction of the
pion and the use of current commutation rela-
tions are Eqs. (10) and (11). From (10), which
may be viewed as a generalization of the usual
T= —,

' rule, we obtain"
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In (13), p is the pion mass and mls that of the
K meson. Putting in numbers we find

R =4.0x10 4. (14)

Experimental'~ value of this ratio is

R =(6.6+")x10 4

exp
(15)

so that (11) is in fairly good agreement with
experiment. %e thus conclude that the pres-
ent model provides a good description of the
nonleptonic K-meson decays.

The vanishing of the parity-conserving part

(R(K,c-wc+ vo) 0.97 (R(E,o-w++w +vc)
12

6l(E,'-v++~ ) 4 (R(K+-v++vo+s') '

Experimentally, "the left-hand side of (12) is
0.46+ 0.02 while the right-hand side is 0.43+0 08.
The agreement between theory and experiment
is thus excellent. From Eq. (11) we obtain the
ratio of partial rates'5

(R(K, - n+ + v + vo)

(R(K -w +v )

of the nonleptonic hyperon decays is a serious
drawback of the Sugawara-Suzuki model. It
is nonetheless gratifying to note that we have
at least a partially successful theory which
provides a unified picture of all s-wave non-
leptonic decay processes.
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We present the results of a study of the de-
cay process

The establishment of the existence of this de-
cay mode of the eta, and a preliminary value
for

R =—I'(g - w++ m + y)/I'(q - m++ m + wo)

was given in an earlier paper. '
Based on an almost background-free sample

of 33 events of type (1), we obtain the follow-
ing results:

1. The branching ratio is

sion of the results. Our initial sample of events
consists of about 4000 four-pronged events pro-
duced by 1170-MeV/c m+ in the Alvarez 72-in.
hydrogen bubble chamber. Protons are identi-
fied on the scanning table on the basis of their
bubble density. All events are fitted to a num-
ber of hypotheses (described below), and then
a series of cutoffs is applied. The effect of
the cutoffs is estimated using the Monte Car-
lo, program FAKE.' The cutoffs are as follows:

(A) Four-constraint (4C) fit. If y2 for the
reaction

R = 0.30+ 0.06.

Our result (2) is fairly consistent with those
previously reported. » 4

2. The charge asymmetry is

(2)
is less than 35, we reject the event. '

(B) m+m m' production. The events are fitted
(1C) to the reaction

w++p-w++p+w++m +w' (5)

f+-f = -0.02 + 0.17, (3)

where f+ is the fraction of events with m+ more
energetic than w in the eta frame, and f =1
-f+. We conclude that reaction (1) exhibits no

large violation of C invariance. '
3. The angular distribution of the y ray in

the di-pion rest frame shows that the di-pion
has J = 1. Other values for J are strongly re-
jected.

4. The assumption that the rho meson dom-
inates the decay mode gives a good fit to the
gamma-ray energy distribution, whereas the
assumption of a nonresonant J = 1 di-pion fits
rather poorly.

5. We find no evidence for the enhancement
at low gamma-ray energy (&60 MeV) reported
by Pauli and Muller. '

The remainder of the paper is devoted to ex-
perimental details and a more detailed discus-

and are removed if X' is less than 7.
(C) w+7r y production. If y2 for the fit (1C)

to

w++ p —m++ p + m++ m + y (6)

is greater than 8.6, the event is discarded.
It is also discarded if y' for Reaction (5) is
less than that for Re action (6).

(D) Coulomb scatter. One of the four final
tracks is deleted, and the remaining tracks
are then fitted (1C) to reaction (4). Events for
which y' is less than X' for reaction (6) are re-
moved, provided that /PE is less than 35 rad
MeV/c, where g is the space angle between
the fitted and measured momentum vector of
the deleted track, and PP is the fitted momen-
tum-velocity product for this track. This cut-
off removes 12 events, of which 1.7+0.3 are
good eta decays, according to FAKE.
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