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Recently Sugawara' and Suzuki' have shown
that the current commutation relations based
on the quark model, ' and the partial conserva-
tion of axial-vector currents (PCAC), ' lead to
predictions about the nonleptonic hyperon de-
cays which are compatible with experiment
as far as the &-wave amplitudes are concerned.

In this paper we show that the above two assump-
tions plus octet dominance suffice to determine
both +- and P-wave amplitudes. At the end we
shall also comment on the K2„decays.

We shall assume that the nonleptonic weak
interaction Hamiltonian II+ is represented either
by a product of quark currents in the Cabibbo
form,

H -J ~J +J J' J' =iqy (1+y )(A. +iX )qcos8+iqy (1+y )(a +iA. )qsin8,
5 1 2

as was done by the above authors, or by a sum of products of charged as well as neutral currents so
that. the I 4SI =1 part of H~ behaves as

H (i~St=1) d J (')J (~), J (')=;qy (l,y )Xq=V ('),A (')
bij p. p.

'
p, p. 5 i p, p.

In the former case dynamical enhancement of the octet part will have to be assumed in addition. '
The nonleptonic decay amplitude can be written as

(2k0) (B m (k)lH (0)IB ) =i fd xe (p -U )(B l[q) (x),H (0)](B )8(-x ),

where q)( )(x) is the pion field. From the PCAC relation

s A (x)=cq) (x) [c=(2m p, /g )(—G /G )],
(f) (f)

we obtain

cfd x(B )[q (x),H (0)])B )8(-x )

=fd x(B' i[8 A (x),H (0)]IB )8(-x )

= lim(fd x(B i[s (A (x)e ),H (0)]lB )8(-x0)(a) (I ) zkx (c)

k-0

ik fd x(B ([A (x)e,H (0)]IB )8(—x0)j, (Imk0(0)

=(0 l[fd xA (x), H (0))IB )- ) fd xll& IA (x)l l( IH x(0)xIB )
En =m(B8)
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From Eqs. (3) and (5) follows

(c/p, ) lim (2k ) (B n (k) IH (0) IB )
0-0

= (0 I [gd xA 0 (x), 0 (0)] I B )- ) Jd x[(B IA (x) I x)(x IB (0) IB )
E„=m (a6)

(B —
I H (0) In)(n IA0 (x) I B )], (6)

if we assume that both sides of Eq. (6) satisfy
unsubtracted dispersion relations. The sum
must be taken only over the states degenerate
in energy and spin with the initial and final states,
i.e. , the octet baryons B,.

Equation (6) is identical with the formula for
soft pion emission (as induced by H~) developed
by Nambu and Schrauner' on the basis of explicit
chiral invariance of strong interactions. Accord-
ing to this work, the second term corresponds
to "pole diagrams" where the meson is emitted
by the initial or final baryon. These diagrams
are important in the sense that in the limit of
degeneracy E„-m(B6) and zero meson mass
p. —0, the P-wave meson-emission amplitude
remains finite because of a vanishing energy
denominator. ' This justifies the retention of
the pole terms even though in the above deriva-
tion they would seem to survive only under

! strict degeneracy.
Working in the above limit, Eq. (6) can now

be expressed in terms of the spurion (B(~)IH~(0)
x I B(~))=S(«) and the pion-baryon coupling
constants alone. The CP invariance implies
that S(ac) is a scalar spurion. ' The first term
(Sugawara and Suzuki) gives only S waves since

[ fd3xA0( )(x),Hu)(0)] is effectively a scalar
spurion due to CP invariance. ' The second
term, interpreted as pole diagrams, gives only

P waves (induced by the scalar spurion). ' The
final result can be cast in the form

(1)-a (o) ~p/am.
abc abc

Here

A /92=(D+F) tr(B [M, X ]B )—(D-F) tr(B B [X,M ]),

B /v2 =(D+F)(d+ f) tr(B [M, X ]B )+(D-F)(d-f) tr(B B [X6,M ])

—@)d[tr(B M ) tr(B i6)—tr(B i6) tr(a M )]. (6)

B, B, and M are normalized 3x 3 baryon and

meson matrices, and

(a' IH Ia')=(2DB +2FF )-,
M 6ac 6ac

, ( )I ( )I ( )

f ~ qz/190 MeV [b,m = (m-. -m~)/2]. The A's and
B's are listed in Table I. They satisfy the three
I b,II = —', sum rules as well as the Lee-Sugawara
relation'

A +2= =v3Zo (10)
= (2dD + 2fF )iu'y y u.

bac bac p. 5
(9)

In deriving Eq. (7), we have made the simplify-
ing assumption mA =my, namely that the inter-
mediate states in Eq. (6) have either m =m(u)

or m =m(c). There is an ambiguity as to whether

(a) we should stick to the degeneracy limit Ib.P/
bm I=1; or (b) take the actual values Ibg/bm I

together with A(Z++) = 0.
Equation (8) contains only four parameters:

D, F, d, and f. We have tried two different
fits to 10 (s- and P-wave) amplitudes under
the prescriptions (a) and (b) above. " A,' and

:",' are ignored as the I AII = —,
' rule is well sat-

isfied for A and ". The solutions are (fit b in
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Table I. Coefficients 4 and gg of Eq. (8).

A 0

0~0
+
+

0
Z

—(D+ 3I")/~3
(D+ BE)/16

(—D+ 3F)/V 3
(D—3E)/v"6

0
-(D—Z)

0 2(D F)—

[2(D—+F') (d+f ) + (D F)—(d f )]—/&a

[2(D+E)(d+f )+ (D F)(—d f)]—/~&

[(D+E)(d+f) + 2(D—E)(d—f ) ]/v 3
—[(D+F)(d+f )+2(D F)(d—f )] /—+6

v 2(4)Dd
(D F)(d—-f )

&2 [(f)Dd-(D —E)(d—f )1

brackets)

D = 0.95(1.1)xr x 10 p, ,

F =-2.2(—2.2)xrx10

d = 1.02(1.95), f = 0.48(1.10),

where r = (-Gg/Gy) appears through the coef-
ficient c in Eq. (4). Table II displays the com-
parison with experiment. The agreement is
reasonable except for B(Z++) in fit a. We must
bear in mind that the ]bI]=—,

' rule for the Z's
and the I ee-Sugawara relation are not quite
satisfied by experiment in the case of P waves.

Eq. (11) gives d+ f(= —Gg/Gy) =1.5(3.0) and

d/f = 2.1(1.8), which are to be compared with
their expected values 1.18 and 1.7 (leptonic
decay data"), or -,' and 2 [SU(6) theoryj. The
ratio D/F = —0.42(—0.5) for the spurion is, 2

interestingly enough, comparable to those for
the strong and electromagnetic splittings, viz.
D/F —-0.33, suggesting a universal coupling
of spurions.

We may thus conclude that the nonleptonic
decays can be described reasonably well by
means of the four parameters. Their values
are theoretically satisfactory except that d+ f
is uncertain by a factor of 2 and tends to be

too large. The deviation from the sum rules
in P waves must be attributed to various cor-
rections to our formulas.

Finally we remark that the same procedure
may be applied to K decays, relating any two
processes which differ by an extra 7t emission.
In this case, however, there are no pole dia-
grams. Now let us assume the universal spuri-
on coupling, and relate K- 271 decays to the
transition K- m due to a spurion O'. D' may
be determined by requiring that D'/D (or D'/F)
is equal to the corresponding one for the strong
(Okubo —Cell-Mann) splitting. The K,'- 2~ de-
cay rate predicted from this" is -2 x10"/sec
as compared to the experimental 1.1 x10"/sec.
The K2„decays are forbidden since we have
assumed a strict ]b,I]=—,

' rule.
One of the authors (Y.H. ) would like to thank

Professor Hobert Oppenheimer for his hospi-
tality at the Institute for Advanced Study.

*Research sponsored by the U. S. Air Force Office of
Scientific Research, Office of Aerospace Research,
U. S. Air Force, under AFOSR Nr 42-65, and by the
U. S. Atomic Energy Commission under Contract No.
AT(11-1)-264.

)On leave of absence from the Physics Department,
Tokyo University of Education, Tokyo, Japan.

H. Sugawara, Phys. Rev. Letters 15, 870, 997
(1965).

2M. Suzuki, Phys. Rev. Letters 15, 986 (1965).
M. Gell-Mann, Physics 1, 63 (1964).

4M. Gell-Mann and M. Levy, Nuovo Cimento 16, 705
(1960); Y. Nambu, Phys. Rev. Letters 4, 380 (1960).

5See, for example, R. F. Dashen and S. Frautschi,
Phys. Rev. 137, 81331 (1964); H, . F. Dashen, S. Fraut-
schi, and D. Sharp, Phys. Rev. Letters 13, 777 (1964).

6Y. Nambu and E. Shrauner, Phys. Rev. 128, 862
(1962). The two terms of Eq. (6) correspond to the sec-
ond and the first terms of Eq. (3.2) of this reference,

Table II. Comparison with experiment. ~ The alternative theoretical values correspond to the two solutions in
Eq. (11).

MM~ +
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Asymmetry &

Expt.
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