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A dynamical model based on broken unitary symmetry is developed for nonleptonic decays of hyperons.
The contributions to these decays are taken from the primary current-current interaction and from poles
due to the baryons, the K meson, ¥* (1405), and the decuplet of baryon resonances (Bio*). The contribu-
tions from the baryon and K-meson poles are calculated on the assumption that weak baryon-baryon and
K- transitions transform like divergences of the relevant weak currents, which are members of octets. The
contributions from poles due to ¥¢* and the Bjo* resonances must be included to explain the p-wave ampli-
tudes. Both s- and p-wave amplitudes then satisfy the triangular relations and fit the experimental values for
the signs and magnitudes. The model predicts the correct sign of the K4-K° mass difference.

INTRODUCTION

N a previous paper,! we have discussed the non-
leptonic decays on the basis of the current-current
picture. We have shown that the s-wave amplitudes for
the nonleptonic decays of hyperons can be rather well
understood on this picture. In particular, we have
shown that the triangular relation

2Ag__‘+A A_°=V3A =t (1)

is satisfied by the s-wave amplitudes for the nonleptonic
decays of hyperons. Also, in this picture, it is natural to
take the decay 2~ — n-+a~ as pure s wave, and we find
the effective coupling constant for the decay rate of
>~ — n+7 to be 2.25X 1075, 2, which is to be com-
pared with the experimental number 4.5X107%m, 2.
Finally, in this picture, we get quantitative agreement
with experiment for the total decay rate of Ki*— atn—.
In this analysis, we have followed the method discussed
by one of us (R) in an earlier paper? in connection with
the strangeness-changing leptonic processes.

This current-current picture for hyperon nonleptonic
decays is incomplete for the following reasons: (1) The
decay rate for Z~— n+x is less than the experimental
value. (2) We cannot obtain =t— n+7t (which we
take as pure p wave) in a simple way. Therefore the
current-current picture must be supplemented by addi-
tional mechanisms. Now the current-current picture is
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1 Riazuddin, A. H. Zimerman, and Fayyazuddin, Nuovo
Cimento 32, 1819 (1964). In this reference and in Ref. 2, K’ was
denoted by k, AS =1 vector current by V,, and AS=0 axial vector
current by Pa,.

2 Riazuddin, Nuovo Cimento 32, 1122 (1964).

equivalent to boson-pole approximation. Lee and Swift?
and Schwinger4 have explicitly introduced the K* pole
for this purpose and have obtained the relation (1).
Other contributions may come from baryon poles. It is
the purpose of this paper to show that the contributions
from the baryon poles and the K-meson pole to hyperon
nonleptonic decays do round out the current-current
picture, provided that we assume that the weak baryon-
baryon and K-m transitions transform like the diver-
gences of the AS=1 vector and axial-vector currents for
p-wave and s-wave amplitudes, respectively. In par-
ticular, if we take the F/D ratio for the strong vertices
to be the same as for the weak axial-vector vertices (an
assumption justified by the consistency®-® of Goldberger-
Treiman-type relations for baryons) we show that (1)
s-wave amplitudes continue to satisfy the relation (1);
(2) p-wave amplitudes also satisfy the triangular
relation

2Bz_—+By_1=V3Bs,*. (2)

Further, if we insist that the decay 2—— n+a~ is pure
s wave, we get uniquely the F/D ratio as ==1/V3; the
value 1/V3 is consistent with other determinations of
this ratio.—8 It is, in fact, in remarkable agreement with
the recent determination?® of this ratio from the experi-
mental analysis of Z leptonic decays.

Up to this point, the p-wave amplitude Bs,+ for

3B. W. Lee and A. R. Swift, Phys. Rev. 136, B228 (1964).

(149 J.)Schwinger, Phys. Rev. Letters 13, 348 (1964); 13, 500
64).

§J. J. Sakurai, Phys. Rev. Letters 12, 79 (1964).

6 Riazuddin, Phys. Rev. 136, B268 (1964).

7C. Ryan, reported by R. E. Marshak in Proceedings of the
Conference on symmetry Principles at High Energy at Coral
Gables, Florida, (1964), W. H. Freeman and Company, London.

8 W. Willis, H. Courant, and H. Filthuth ef al., Phys. Rev.
Letters 13, 291 (1964) ; N. Brene, B. Hellesen, and M. Ross, Phys.
Letters 11, 344 (1964).

B 1556



DYNAMICAL MODEL FOR NONLEPTONIC DECAYS OF HYPERONS B1557

TaBLE I. The contributions from the primary current-current interaction to the s-wave amplitudes. The notation is as follows:
fr=—(2mn/g) (—Ga/G), Ga~—12G, G=10"5/my?, g is the pion-nucleon coupling constant (g2/4r=~14). G’ is the constant associated
with the divergence of g,” (defined in Refs. 1 and 2) and is taken to be —1.25G. AZot= (42,*—Az_)/V2.

Amplitude Current-current contribution Relative strengths
AAr —3V3 f2G' (mA—mn) =A LD Azt D /44 oD =—0.84
Az, Az -W/Ap oD=—123
Az~ — (1/V2) -G’ (mz—mn) =Az -V Az -D=p,D (mz—my),
A=~ $V31:G' (mE—ma) =AED with hyW2/4r=2.25X10715,~2

2t — n+tat is still zero. Since we are taking this decay
to be pure p wave, we must look for another mechanism.
Such a mechanism, as suggested by Schwinger,* can be
provided by the pole due to the ¥¢* (1405) resonance
which contributes to the 2+ — #+47*+ and 2~ — n+7—
decays only, and in equal amount. However, with this
contribution alone and with our value of the F/D ratio
(1/¥3), neither the relative signs of Bs_o, Bx_-, Bz,* nor
their relative strengths come out to be right, although
the triangular relations are still satisfied. We, therefore,
also have to include contributions from poles due to the
decuplet of baryon resonances (Bio*). These contri-
butions themselves satisfy the triangular relations for
both s- and p-wave amplitudes, and therefore the rela-
tions (1) and (2) are not affected, while it is possible
now to fit all the experimental numbers pertinent to the
hyperon nonleptonic decays.

In our model, the K3° meson comes out to be heavier
than the K;® meson, which is in agreement with recent
experimental indications.? Below we give the details of
our calculations.

CURRENT-CURRENT CONTRIBUTION
TO S-WAVE AMPLITUDES

We write the matrix element for nonleptonic decay of
a hyperon Y into a pion and a baryon as follows:

S=(2m)%(p'+k— p) (myms/ 2kapopd)*U s(p’)
X[Ay+Byys 1Ur(p). (3)

The contribution from a primary current-current-type
interaction to the s-wave amplitude 4y can be written

as
Ay®=(G/V2){0| j A= XBlg | T), ©

where 7,4 and g, are, respectively, the AS=0 axial-
vector and AS=1 vector currents and G is the universal
Fermi constant. The currents are assumed to be mem-
bers of octets. The vector current is assumed to be of F
type, while the axial-vector current is a mixture of F
and D types. The matrix elements appearing in (4) have
been explicitly evaluated in Ref. 1. For future reference,
we summarize them in Table I.

9 For sign of the (K2"-K°) mass difference, see G. W. Meisner,
R. L. Golden, B. B. Crawford, and F. S. Crawford, Jr., Proc.
Intern. Conf. Fundamental Aspects Weak Interactions, BNL 837,
1963 (unpublished); and Bull. Am. Phys. Soc. 9, 443 (1964). For
magnitude of the mass difference, see T. Fujii, J. V. Jouanovich,
and F. Turkot, Phys. Rev. Letters 13, 253 (1964); 13, 324 (E)
(1964), where other references are also given.

CONTRIBUTIONS FROM POLES DUE TO
BARYONS AND K MESON

In order to calculate the contributions to various
amplitudes from poles due to the baryons and the K
meson, we need the weak baryon-baryon and K-
transitions. We define these transitions as

(B|Hw(0)|Y)=1ug(ayps+vsbre)uy,

(r|Hw(0)|K)=ax=. ©®)

We now assume that ayg, ek, and dyp are given by
avG(B|08,g," | Y)=ays/mx?,
avG(m| 0ugue” | K) = ax/mx? (©)
BaG(B|8ugu* | V)=bys/mx?, (7

where ay and B4 are dimensionless constants of pro-
portionality, while g,,¥ and g,,4 are the neutral counter-
parts of the AS=1 charged currents g,” and g,4, re-
spectively. mx is the mass of the pseudoscalar meson K
associated with the divergence of the AS=1 axial-vector
current g,4, while mg- is that of the corresponding
scalar meson K’ associated with the divergence of the
AS=1 vector current g,”. As discussed in Ref. 2, we
divide the AS=1 vector current into two parts:

&= guV(l)+gnV(2) .

The divergence of g,’® is always taken to be zero;
however, in doing so, the mass differences (mg>*—m.?),
(mpy—my), etc., are to be taken equal to zero. The effect
of mass differences is supposed to be taken care of by
2."®, which acts only when we do not neglect the mass
differences. We take the divergence of g,,”® as nonzero
and, in fact, proportional to the I =%, S=1scalar meson
K. Similarly, we associate 9,g,,% with the pseudoscalar
meson Ko Then from Egs. (5) and (6), we obtain

ax'n= (v/3)Cv(ma—my),

azon=—(\/$)Cy(mz—my), @®
azeno=— (v/3)Cv(mz—ma),
azrz= (\/5)Cv(mz—ms),
ax~r=Cy(mg®—m,*)=—V2agoy,
lagyee| = ar=+] , ©

|0K2°17°/(1K2°7r°| =\/§(m,,2—mK2)/ (mx®—m,?),

where Cy=ayG'mg? and we have assumed the uni-
versality of the coupling constants for the baryon and
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TaBLE II. The contributions from the baryon poles and the K-meson pole. Ca?=B4Ga?'mg?, Cv=avG'mx?, X=GaF'/GsP".
x=g¥/gP, gF and gD are strong F- and D-type pseudoscalar meson-baryon coupling constants, gF-gP =g, gP=[1/(1+x)]g, g&/dnr~14,
At strong pseudoscalar meson-baryon vertices, the coupling constants given by the octet version of unitary symmetry are used. With
these coupling constants, the contributions to the p-wave amplitudes from the K-meson pole in our model are exactly the same as those
from the baryon poles, and it is the combined contribution of these poles to each amplitude which is listed in the table.

Contribution with the

Amplitude Contribution assumption x=X
Apo (1/V3)CaPgP[— (14-x) (14+3X)+2(1—-X)] (1/¥3)CPgP (1—6x—3a%)
Az, V2CaPgP[(142x) (1—X)—32(14+3X)] 2V2C4PgP (5 —a?)

A=~ VZCaPgP[ —3(143X)—x(1—X)] V2C4PgP (—%—2x+2?)
Az~ (1/¥3)CaPgP2(14+X)— (1—x) (1—3X)] (1/¥3)CaPg? (146x—34%)
gA,D (2/¥3)CygP (14-3x) 0 (2/\@)CVgD((}+3x)

.t
Bz_- —2V2CygP(1—x) —2V2CygP (1—x)
Bz~ (2/¥3)CrgP (1—3x) (2/v3)CrgP (1—3%)

meson currents [that is why the same Cy appears in
(8) and (9)]. G’ is the strength associated with g,”® and
is defined in Ref. 2. From the analysis of K. and K3
discussed®? in Ref. 2, G'= —1.25G. It is this value of G’
which gives the quantitative agreement for the decay
rate of K1® — #t7— discussed in Ref. 1 on the basis of the
current-current picture. Similarly, from (5) and (7), we
have

bavn= (v/2)C 42 (143X) (ma+my) ,
bzon=(/3)Ca?(1—X) (mzt+mn),

L (10)
bxopo= (\/E)CAD(l—SX) (ME+MA) ’
bzozo= (1/3)CaP 1+ X) (mz-+ms) ,

where CaP=p4GsP'mr?, X=G4¥'/G4s?'. G4¥', and

G4P' are the weak coupling constants associated, re-
spectively, with the F and D types of the AS=1 axial
vector current. From the leptonic decays of the
hyperons, we know that®

(G4 /GaP| = 1Ga™"/Ga" | = | f/ I =%,  (11)

where G4P+G4F=G4=~—1.2G; f. and fx are decay
constants for 7, and K ,» decays.

Using Egs. (8), (9), and (10), the contributions from
various baryon poles and the K-meson pole are sum-
marized in Table II. In writing down these contribu-
tions, we have used the octet version of unitary sym-
metry for the pseudoscalar meson-baryon strong
coupling constants. In Column 2 of this table, we write
these contributions under the assumption that x, the
F/D ratio for the strong pseudoscalar meson-baryon
coupling constants, is equal to X, the F/D ratio for the
weak axial-vector constants. This assumption is justified
by the consistency of the generalized Goldberger-
Treiman relations for baryons.5.¢

We observe from Column 2 of Table IT that both the
s- and p-wave amplitudes satisfy the triangular rela-
tions (1) and (2). As remarked in the introduction, we
take the decay =+ — n+4=t+ as pure p wave, so that
As,+=0. Hence, from Column 2 and Row 2 of Table IT,

1 The effective coupling constant which appears in the total
decay rates for AS =1 leptonic processes is Gett=G+G'= —0.25G.

we have
or x==1/V3.

We take the positive sign. The value +1/V3 for the
F/D ratio is in excellent agreement with the recent
determination of this ratio from the analysis of 2
leptonic decays.

2—1
X'=73,

CONTRIBUTIONS FROM POLES DUE TO
Y¢* AND B;* RESONANCES

From Table II, we see that Bz, + is zero. Therefore,
we must look for other mechanisms to generate the
p-wave amplitude for the decay 2+ — n+=T. One such
mechanism, as suggested by Schwinger,* may be pro-
vided by the YVo* pole which contributes only to
Zt— p47t and 2- — n+-7 in equal magnitude. Let
its s-wave and p-wave contributions to the above decays
be, respectively, denoted by v2a; and V2b;. It can be
easily seen that inclusion of the contribution 4; from the
Yo* pole alone to the p-wave amplitudes (with b,
determined from the condition Bx_-=0) cannot provide
the right relative signs for By_», Bx_-, Bs,* when we use
our value of the F/D ratio, namely 1/V3. We, therefore,
include the contributions from the poles due to the Bio*
resonances. Using Table I of Hara," we summarize the
sum of the contributions from the poles due to ¥* and
Bio* resonances in Table ITI. These contributions them-
selves satisfy the triangular relations. Now with the
F/D ratio 1/v3, the baryon pole contributions yield
Az, +=0. We, therefore, want the sum of the contribu-
tions from ¥o* and the B1o* poles to this amplitude also
to be zero, since this decay is taken to be pure p wave.
Therefore, from Table III, we obtain ¢;=%as. Also from
Table IT (with x=X=1/V3) and from Table III, we get

Bs_-=V2{—2CygP[1— (1/V3) 1+bs+ (7/12)82} .

Since 2~ — n+7 is taken to be pure s wave, therefore
Bs_-=0. This gives

b1=2CvgP[1— (1/\8) 1~ (1/12)ba.

11Y. Hara, Phys. Rev. Letters 12, 378 (1964). The C and D in
Hara’s Table I are denoted by v2as and V26, in our Table III, and
we have multiplied his amplitudes for A and = decays by (—1) in
order to conform to our convention.
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Using these values of ¢, and by in terms of a; and bs, we
list in Table IV the combined contributions from poles
due to the baryons, K meson, Y¢* and By* with the
F/D ratio 1/V3.

COMPARISON WITH EXPERIMENT

We first consider the s-wave amplitudes listed in
Tables I and IV. Experimentally,

4 ="

AA_O

1 mz—Imy

V3 ma—my '

(12)

We see from Table I that our current-current contribu-
tions A _o, A5,+® already satisfy this relation. There-
fore, we want the contributions 4 ,_o® and 43,+@ listed
in Table IV also to satisfy the relation (12). This con-
dition determines

ae=4V3gPC 4[ (mz—my)/ (mz+ma—2my)]. (13)

Now if we write As_-=h(ms—my), we see from
Table I that the current-current contribution alone
gives hg?/4m as 2.25X 10~%m,~2 to be compared with the
experimental number 4.5X107%m,~2 Therefore, we
must have

Az -O= 2—1)45_-®
in order to secure agreement with experiment for the

decay rate of 2~ — n+47—. This condition, on using

TasLE III. The contributions from poles due to ¥¢* and the Byo*
baryon resonances.

Amplitude From Yo* From Bjo* Sum
1 1
AAre 0 —Qs2 —as2
2V3 2V3
vZ
Az, VZa ——Qg \/2-((11—}(12)
5vZ 5
Az~ VZa ——ay V2| a;——as
12 12
Az~ 0 0 0
1 1
BAoo 0 —b2 —bs
2V3 2V3
V2 1
Bz,+ v2b, —b2 V2 b1+—D2
12 12
7 7
Bz_- V7b1 —-‘\sz V2 b1+—b2
12 12
1 1
B=_- 0 ——bs ——bs
V3 V3

TaBLE IV. Sum of contributions from poles due to baryons,
K meson, Y¢* and Bjo*.

Amplitude Sum of contributions

B[ 4
Ar ——[—CADgD-«gaz =A49®
23

Az, 0

174
Az~ ——[—CADgD+%az:|=Az:(”
V2L V3
\/SI:4
Az~ —| —CaPgP |=4z_-®
o]
1
Bao —[2¢2Cy (14-V3)+ b3 ]=Bao®
V3
1
Bz.* V2| 2¢PCy| 1—— )—3b; |=Bz+®
V3
Bz_- 0
1
BzE_- %EZgDCV(l—\/B_)‘—'b2]=BE-"(Z)

Tables I and IV and Eq. (13), leads to

2C4g"= (V3/2) fxG{ [ (ma+msz)/2]—mn} (V2—1). (14)
Using Egs. (13) and (14), we get from Tables I and IV
Ap D= N2—1)A, @, Az -@=V2—1)45_-®,

Az ~O=N2—1)Az_-O[ (ma+mz—2my)/2(mz—ma)],

the last equation being the prediction. Because of the
Gell-Mann-Okubo mass formula (ma+mz—2my)/
2(mg—my)=1, so that
Az -O=N2—1)4z -0,
Hence, finally,
AA_°=\/2-A A__W(l) ) Az -= V2A z_"(l) ,
Az, +=0, Ax-=V2Az-O,
which, on using Table I, give
Asyt/Ayo=—084, Az /A4 o=—1.23,
ho?/4r=4.5X10"1m 2,
in agreement with experiment. Last, since C4?
=B4G4+'Pmg? we get from (14) [using g?=V3g/(14V3),
g /4n =14, G4?=V3G 4/ (1+V3), Eq. (11) and values of
f= and G’ listed in Table I']
f}'A = 1/70 . (15)

We now consider the p-wave amplitudes. Experi-
mentally, Bj_o/Bz_-~%. Therefore, using Table IV,
this condition yields

by=—[(5V3—1)/412g°Cy. (16)
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With this value of ,, we predict, on using Table IV,
Bzy+/Bpy_0=1.34,

in agreement with experiment. Using (16) and Table

IV, we get

Bz, [=ge(mstmy)]

\/3—1/ 5V3—1 V3 '
=W2gPCy—| 1+ - ) .
V3 \ 8 V3—-1

Experimentally, |ga| 2.8X10~%n,~1. Using this value
of |g2|, and noting that Cy=ayG'mx-?, we obtain from
(17) (using mg2=28m,? G'=—1.25G),

lav| ~1/63. (18)

Note that the dimensionless constants of proportionality
B4 and ay appearing in Egs. (6) and (7) are nearly the
same.

K*—K,* MASS DIFFERENCE

We calculate the contributions of the pion and the 7
poles to the mass difference in our model. These con-
tributions are given by

Om=0mg,0— émKlo
1 [15:¢ 0,02
I_ 2

aK2°v°2 ]
T .
ZmKLmK2—m,,2 MyZ— M,
n

= 6mK2o:

Using Egs. (9), we get
dmg®—Imrt—m,’
am=avzcwmx,4[_—.___]
2m K

=aV2G’2mK»4 (73 MCV) . (19)

Note that the mass difference is positive, i.e., K& is
heavier than K for which there is some experimental
evidence.® In order to calculate the magnitude, we use
mr?=~28m., G'=—1.25G, |av|=~1/63 [Eq. (18)].
Then

om=0.11X10"5 eV. (20)

DISCUSSION AND SUMMARY OF
CONCLUSIONS

To summarize, we have considered a dynamical
model for nonleptonic decays based on broken unitary
symmetry. The contributions considered to these decays
are from the primary current-current interaction and
the poles due to baryons, K meson, ¥¢* and decuplet of
baryon resonances Byo*. Our basic assumption for calcu-
lating the contributions from the baryons and the
K-meson poles are Egs. (6) and (7). Equation (6) is, in
fact, equivalent to introducing a scalar tadpole provided
that the scalar meson (in our case K’) is coupled to
other particles through the vector K* meson, i.e., the
scalar particle, whose CP=1 component gives rise to
the scalar tadpole, is abnormal under charge conjuga-

FAYYAZUDDIN, AND ZIMERMAN

tion. It is this fact which distinguishes our model from
that of Schwingert for the p-wave amplitudes. In
Schwinger’s model the scalar particle has a direct non-
derivative coupling with hadrons and his scalar particle
giving rise to the scalar tadpole is normal under charge
conjugation. It is owing to this difference that in our
model the contributions to the p-wave amplitudes from
the baryon poles and the K-meson pole are equal and
of the same sign and are therefore added, whereas in
Schwinger’s model they tend to cancel each other. In
fact, they cancel exactly in Schwinger’s model, if
pseudoscalar meson-baryon coupling constants as given
by unitary symmetry are used. In order to avoid this
exact cancellation, Schwinger must use different pion-
baryon and kaon-baryon coupling constants. Another
consequence of this difference is that the contributions
of the pion and the 7 poles to the K*-K° mass difference
is positive in our model, whereas this will be negative if
one follows Schwinger’s model as discussed by Okubo
and two of us (R and Z) in a previous paper.?

Equation (7) is also equivalent to introducing a
pseudoscalar tadpole generated by the Ki® component
of the pseudoscalar K meson, provided that the coupling
of K1° to the baryons is induced through an axial-vector
meson analogous to K*. We have evaluated Egs. (6)
and (7) by following a method discussed in Ref. 2 in
connection with AS=1 leptonic processes. The advan-
tage of this method is that we have a natural explanation
of why the pseudoscalar tadpole should be suppressed
compared to the scalar tadpole as indicated by experi-
mental data on hyperon nonleptonic decays. The reason
for this suppression is that in our way of evaluating
Egs. (6) and (7), the constant G’ (= —1.25G) appearing
in Egs. (8) and (9) is larger than the corresponding
constants G4'? and G4'F [given in Eq. (11)] which ap-
pear in Eq. (10). [Note that the constants of propor-
tionality ay and B4 in Egs. (6) and (7) are nearly the
same (cf. Egs. (15) and (18)]. For the same reason, we
have not included in the p-wave amplitudes the contri-
butions from the primary current-current interaction
similar to the ones calculated from Eq. (4) and listed in
Table I for the s-wave amplitudes. These contributions
to the p-wave amplitudes involve G4’ and G4'F, which
are smaller than the corresponding constant G’ appear-
ing in the s-wave amplitudes of Table I, and as such are
small compared to the other contributions considered
for the p-wave amplitudes.

In our evaluation of the baryon poles and the K-
meson pole contributions, we have made the assumption
that the F/D ratio is the same for the weak and strong
vertices. Then these contributions satisfy the triangular
relations (1) and (2) and our insistance that the decay
2+ — n+7t should be pure p-wave fixes the F/D ratio
as 1/V3 in agreement with that determined recently in
Ref. 8. Inclusion of the ¥o* and Byo* polesisnecessitated
by the p-wave considerations, since the baryon and

12 A, H. Zimerman, Riazuddin, and S. Okubo, Nuovo Cimento
(to be published).
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K-meson poles alone, although satisfying the triangular
relations, cannot explain the experimental data for the
p-wave amplitudes. With these contributions included,
it has been shown that all experimental numbers re-
garding the hyperon nonleptonic decays are fitted. In
addition, the contribution of the pion and the % poles to
the K"-K® mass difference is predicted to be positive
and about 0.11X107% eV. If we add this contribution to
other contributions to the mass difference calculated by
two of us (R and Z) in a previous paper,'? we get the

B Riazuddin and A. H. Zimerman, Phys. Rev. 135, B1211
(1964).

total magnitude to be about 0.4X10~% eV, in fair
agreement with experiment.®
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Two selection rules are derived which explain vanishing transition matrix elements found for many
processes. A decay is forbidden in a pole model having a momentum-independent symmetry-breaking vertex
and a symmetry-conserving vertex with arbitrary form factors if either (1) all propagators are equal in
magnitude and the matrix elements of the symmetry-breaking vertex are proportional to those of a generator
of the symmetry group, or (2) the propagators involve only known mass differences described by the Gell-
Mann-Okubo mass formula and the matrix elements of the symmetry-breaking vertex are described by the
D coupling of three unitary octets. Applications to K decays and nonleptonic Z decays are discussed.

I. A SIMPLE SELECTION RULE

ANISHING-TRANSITION probabilities have

been found in a number of calculations of non-
leptonic K-meson decays using a boson-pole model with
unitary symmetry.! A simple example is the K+—
mtrtr— decay which is described in the boson-pole
model by two diagrams:

Kt — gt — gtdgt4a—,

K+ — Kt+at+7 — rt+at47.

(1a)
(1b)

The calculations of this decay by use of unitary sym-
metry show that the contributions of the two modes
(1a) and (1b) are equal and opposite and just cancel.
Similar cancellations have been found for all other
K — 37 decays and for combined weak and electro-

. *Work performed under the auspices of the U. S. Atomic
Energy Commission.

1 On leave from The Weizmann Institute, Rehovoth, Israel.

1S, Hori, S. Oneda, S. Chiba, and A. Wasaka, Phys. Letters 5,
339 (1963); S. Oneda, Y. S. Kim, and D. Korff, University of
Maryland Technical Report No. 385, 1964 (unpublished); K.
Tanaka, Phys. Rev. 136, B1813 (1964). References to earlier
works are given in these papers. Oneda ef al. use a specific strong-
interaction vertex that satisfies unitary symmetry. Tanaka uses
the most general vertex consistent with unitary symmetry but
considers only those cases in which all propagators have the same
magnitude. These treatments find vanishing transition matrix
elements for each individual decay by explicit calculations of
contributions from all diagrams.

magnetic decays of kaons into combinations of pions
and photons. The purpose of this paper is to show how
all these cancellations can be described by a single
selection rule based on SUj; algebra, and to establish
very general sufficient conditions for the vanishing of
the transition amplitude in these and related processes.

When the decay (1) is treated by a boson-pole model
with unitary symmetry, the following assumptions are
usually made:

(1) The process goes via an intermediate state and
has two vertices—a symmetry-breaking vertex which
violates unitary symmetry and a symmetry-conserving
vertex.

(2) The symmetry-breaking vertex is a two-point
vertex, a single transition (K+— #t) between two one-
particle states. No form factor is assumed for this
vertex; i.e., the matrix element is taken to be momen-
tum-independent.

A characteristic feature of pole diagrams of the type
(1) is that each contains only one particle in the inter-
mediate state that is off the mass shell, namely the one
that is connected either to the initial or to the final state
by the weak vertex. For the case (1), the propagator for
the intermediate state has the same absolute magnitude
for all diagrams that contribute to the process. The sign
of the propagator depends upon whether the symmetry-
breaking vertex comes before or after the symmetry-



