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A hypothesis is examined according to which the constant G for the leptonic decays of
strange particles is approximately one fourth of the universal constant G = 10™°* m~2 and

the matrix elements for these decays satisfy the conditions (3) to (5) imposed by the unitary
symmetry of the strong interactions. This hypothesis is in agreement with the experimental
data available at present and allows one to make a number of predictions. In particular, the
relations (13), (14), (16), and (18) should be valid. Moreover, the spectra and polarization of
the particles emitted in Kus decay and in the leptonic decays of the A hyperon are predicted.
A verification of these predictions may serve as a test of the validity of the hypothesis.

IT is known[!3] that the unitary symmetry of the
strong interactions in the Sakata model implies
the equality of the strong interaction constants and
the masses of the proton, neutron, and A hyperon.
The consequences of this symmetry for the syste-
matics of the strongly interacting particles have
been considered by a number of authors. =% I
this paper we shall discuss the consequences of
the unitary symmetry for the weak interactions,
and in particular, for the leptonic decays of the
strange particles.

In the Sakata model, the strangeness conserv-
ing leptonic decays are due to the interaction of
the nucleon current with the leptons:

% (50an) (0.¥) +H.c.; (1)
O = Yo (1 4+ 75),

The leptonic decays in which the strangeness
changes are due to the interaction of the strange-
ness-carrying current

Gy = G = 107%m"2, [ =e or p.

2 (p0.A) (10.3) + He. (2)

1t follows from (1) and (2) that the following rela-
tions between matrix elements hold with the same
accuracy with which the strong interactions satisfy
the requirements of unitary symmetry:

MA>p+e@+v):M@n—p+e@ +v)

= Gy : Gy, 3)
MK —e(@)+v): M@ —e@) +v)=Gy: Gy, (4)
OM (K* — 1 ¢ (W) +v) : M+ — 2 + e (8) + )

= G, : Gy, (5)

M(K* =0 +elp) +v) : MK+ =2 +e@+v) =V3.

6"

The factor 2 in relation (5) is due to the fact that
the transition 7+ — 7° can go through the decay
p — n as well asthroughthe decay n — p, where-
as the transition K* — 7% can go only through the
decay A — p. [We recall that in the Sakata model
7* =ph, = (pp—ni)/V2, K* =pA.] The value
V3 in relation (5’) is obtained in a similar way by
taking into account the relation
s = (pp + nn — 2AR)/ V6.

The relations (5) and (5’) were first obtained by
Ikeda, Miyachi, and Ogawa.[%] The analogs of
relations (3) to (5’) in the ‘‘eightfold’’ scheme of
Gell-Mann(™ have recently been obtained by
Cabibbo and Gatto. [8]

The corresponding decay rates are equal to

@ ; = 2nMjp;, (6)

where pj is the Lorentz invariant density of final
states.

Comparing the decay rates calculated accord-
ing to (6) with the corresponding experimental
data and thus determining the quantities M, we
find easily that every one of the relations (3), (4),
and (5) gives

(Ga/ Gn)? = 10— Y0 (7)

There are now two alternatives. If we assume that
the unitary symmetry is not strongly violated in
the leptonic decays of strange particles, relation
(7) tells us to abandon the idea of a universal weak
coupling constant G. If, on the other hand, we hold
on to the concept of universal weak coupling (Gp
=GN = G), we are forced to conclude that unitary
symmetry is strongly violated in the leptonic de-
cays of the strange particles.
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The second alternative is favored by the circum-
stance that we already know a number of physical
effects in which the unitary symmetry is very
strongly violated: it is sufficient, for example, to
compare the production cross sections for 7 and
K mesons in the region of energies up to about
one BeV. It is possible that the matrix elements
for the leptonic decays are related to this class
of effects. The particular attractiveness of this
alternative lies, in our opinion, in the fact that it
leaves open the possibility of constructing a the-
ory of elementary particles in which each of the
fundamental interactions (weak, strong, eledtro-
magnetic, and ‘‘anomalous’’) is universal and char-
acterized by a single coupling constant. (An at-
tempt to construct such a theory is contained in
a paper by the authors. [9]) The possibility is not
excluded, however, that the experimental verifi-
cation of the first alternative does not imply a vio-
lation of the universality of the weak interaction.
The constant G, introduced by us might not be
the ‘‘true’’ constant for the strangeness-carrying
current, but a phenomenological constant which
arises, for example, on account of the renormali-
zation of the Ap current by the ‘‘anomalous’’ in-
teraction discussed in [?J, With this in mind we
shall below investigate the first alternative in

more detail.
The presently available experimental data are

not in disagreement with the unitary relations (3),
4), and (5), if one assumes a limited universality
of the weak interaction, i.e., if one assumes that
all leptonic decays of the strange particles are
described by the single constant G, which is ap-
proximately one fourth as large as the constant G.
This hypothesis of limited universality and unitary
symmetry is essentially contained in the papers
of keda, Miyachi, and Ogawa (%] and Ohnuki.(?]
addition to what has been done by these authors,
we include in our discussion not only the weak
vector interaction, but also the axial vector inter-
action, and analyze possible ways of testing this
hypothesis by experiment. Below we shall indicate
a number of experiments which may serve as a
test of the validity of the hypothesis of the limited
universality of the weak interaction.

For the determination of the ratio Gp/GN we
can use the rates of the Ky, and my, decays,
which have been measured with the highest accu-
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racy. Writing the amplitude for the Kuo decay in
the form

Ga

.V-é fK(pK(Pﬂka (;’Oau)v (8)

and the amplitude for the Tya decay in the form

G _
V—];_ [ pka (VOupt), )

we find, according to (4),

fK = f:z-

The comparison with the corresponding experimen-
tal rates gives [10]

GA/GY =~ sy

(10)

1)

For the other decays, this ratio is known with
much less accuracy.

In the unitary approximation the amplitudes for
the Kgz and Kus decays are uniquely determined:

M =2 G0, (g +p.), 30.1)
=5 Gy 09, 2p — @), (v0a1), 12)

where g is the total four-momentum of the leptons.
This allows us to predict the absolute rates of the
Kes and Ky3 decays as well as all their differen-
tial characteristics. The probability for the Kegg
decay is equal to

W (Kes) = Gimi-0.6/1536n = 5,1-10° sec™! (13)

(the experiments give two different values for this
probability: 3.4 x 10® and 6.2 x 108 sec™!).
The probability for the Kpus decay is equal to

w (K,3) = 0.4-Gim/1536n% = 3,4-10° sec™! (14)

(experiment gives approximately 3.3 x 108 sec~1).
In the general case the amplitude (12) is pro-
portional to gpg —fq, and the ratio of the rates of

the K3 and Kg3 decays is equal to

w (Ky3)/w (Ke;) = (0,5 — 0,2fg + 0,05/%)/0.6¢%.  (15)
In the unitary limit g =2, £=1, and
w (Kes)/w(K,3) = 1.5. (16)
It follows from (15) that in the interval
—0,5< flg <45 (17)

the inequality W(Kes)/W(Kw) > 1 obtains.

The fact that this inequality obtains for a rather
large range of values of the quantity f/g makes
its experimental verification particularly interest-
ing." If it turns out that w(Ke3) = W(K/J.S)’ as ex-
periment seems to indicate, this will imply that
our hypothesis is wrong. The ratio f/g can also
be determined by measuring the spectrum of the
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7 mesons and y mesons, the angular distribution,
and the polarization of the latter. The correspond-
ing formulas for arbitrary values of f/g are given
in the review article [101,

It should be emphasized that even if experiment
yields f/g = 1/2 in accordance with the hypothesis
of limited universality, this does not yet prove the
validity of this hypothesis. Indeed, consideration
of the simplest graph of perturbation theory (see
the figure) shows that the matrix element for the
K3 and Kej decays should be proportional to
PK + Pr whatever the value of the constant gpNK,
if large virtual momenta are important. This prop-
erty of the matrix element is therefore not con-
nected with the unitary symmetry in a one-to-one
correspondence.

Of great interest as a test of the validity of the
hypothesis of limited universality and unitary
symmetry is the precise measurement of the ab-
solute rate of the leptonic decays of the A hy-
peron: A — p +e(u) + V. According to our hy-
pothesis, the B decay probability for the A hy-
peron should be equal to

w(A—>p+e+v)=6-108 sec™! (18)

and should amount to about 0.15% of the total decay
rate of the A hyperon. Experiment[“] gives a
value close to 0.15%, but with a large error. It
would also be very interesting to investigate ex-
perimentally whether the ratio of the axial vector
and vector constants in the 8 decay of the A hy-
peron is indeed equal to 1.25, as required by re-
lation (3).

It is not clear at the present time to which uni-
tary multiplets the known hyperons belong. If
some of them belong to one and the same multi-
plet, one can write down relations between the
matrix elements for their leptonic decays which
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are the analogs of (3). The crudest and most
feasible test of the validity of these relations
would be the measurement of the rates of the
decays
S —sn+te +v,
B2 4e +v,

E‘—»AO—{—e‘—i—;r,
E°—>2+—|—e——‘—\7

and the corresponding muonic decays.
We are grateful to L. D. Landau and I. Ya.
Pomeranchuk for useful comments.
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