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A rough estimate of the $¥(3.7) -4 (3.1)-7*~7" coupling

constant for the observed ¥(8.7) =~ ¢(3.1) +7* +7~ decay
is found to be two orders of magnitude smaller than
that of the corresponding coupling constant for p”(1.6)
—pY+m* +77, Therefore, this predicted suppression
is consistent with the data.

81Cy, pol, 1€,y 11, and 1Cy 5015 IC 0,0, 1< 1 because
of the smallness of color-singlet-octet mixing and of
color-isospin violation, respectively. Because of these
simultaneous suppressions of C, ,0, it may be that
1C,p0 << 1Cy 4 o |, 1Co0 l. This has been pointed out to
the authors by V. Rittenberg.
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I derive the new relation A.%: 2 *:E_~ =1:-v8:~2 for the S-wave amplitudes of the hy-
peron nonleptonic decays, assuming SU(4) 20-plet dominance for the weak interaction of
current~current type. I also discuss the nonleptonic decays of charmed mesons.

The purpose of this Letter is to discuss the
nonleptonic decays of the hyperons and echarmed
mesons, by assuming the validity of the mecha-
nism proposed by Glashow, Iliopoulos, and Mai-
ani' (GIM mechanism), which can suppress the
strangeness-changing neutral current in semi-
leptonic decays. The weak current is of the
form®: 2

J, =uy,(1+y)(cos6d +sinbs)
+Cy,(1+y¢)(cosfs — sinéd), (1)

where 6 is the Cabibbo angle and «, d, s, and ¢
represent quark fields of fractional charges.
The strong interaction possesses approximate
SU(4) symmetry. I assign meson multiplets to
15&1 and the baryon multiplet (3*) to 20,° as usu-
al.

Nonleptonic decays occur through the current-
current interactions which may be mediated by
weak bosons. The bilinear form contains two

1il B B 1 (R4
(T By *B ™ M} - Ty

parts* belonging to a 20~-dimensional® and an 84-
dimensional SU(4) representations; denote them
by traceless tensors T(,4*?) and Ty, {*. A gen-
eralization of the SU(3) octet dominance is the
SU(4) 20-plet dominance,* since the SU(3) decom-
positions are as follows: 2028 and 840279 80 1
for AC=0. Thus I assume the 20-plet dominance
throughout this Letter.

Now it is straightforward to discuss the non-
leptonic decays of the baryons. We can easily
derive'®

A %D R =18 -2, (2)

for the S-wave amplitudes. [1 only consider CP-
conserving interactions.] The derivation is anal-
ogous to that of the Lee-Sugawara relation for
the S-wave amplitudes in the SU(3) symmetry.

I shall sketch the derivation. The parity-non-
conserving part of the matrix element of the non-
leptonic decay has the following form®!:

]E[nl ] ‘Bk["m] Mmj )

[ii1 ? i
+b(T[kl] i B[im] "Bj[km:'Mn - T[ii] [k”B[km]j‘Bn[ m]Ml")

0 115 ”
+C(T[hz][“]B[U] le[k"] Mnm - T[ij][k ]B[kn] th[ 7 Mm")

+d(T[kl ][”] E[u]mBm[k"] an - T[u][” ! B [kn]mBm[”] A/[xn ) ’ (3)
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where I have dropped the reference to the spinor
structure. This leads to the final expressions for
the s-wave amplitudes,

A==(1/N6)a=-ad)T,
o =+1/V2)a-d)T,
E. =+VZ(a=-a)T, (4)

as well as the Al =3 rule. Here T=T,,* =-T,%,
Thus we get the relation (2), which includes the
Lee-Sugawara relation.

The experimental values are'® A_ %3 *: 5.
=(+1.545+0.024):(- 1.568 £0,142):(~ 2.020 £ 0.029)
[ unit =10%%,~*?sec™ /2], I think that the agree-
ment of my relation with the experiment is satis-
factory, since the SU(4) symmetry is rather
strongly broken. The relation as well as the AI
=% rule determines the relative magnitudes and
relative signs of all the [experimentally possible]

one amplitude, say Z,*. For the P-wave ampli-
tudes we have no relations other than the AI=%
rule.

For the nonleptonic decays of charmed baryons
there are too many relations to discuss them
here. I will report them elsewhere.

Now I discuss the nonleptonic two-body decays
of the charmed pseudoscalar mesons, D° (c&),
D* (cd) and F* (c5). The discussion in this case
is not as straightforward as in the case of the
baryon decays, since in the SU(4) limit a pseudo-
scalar meson cannot decay to two pseudoscalar
mesons'® for the same reason as the K° meson
cannot decay to 27 in the SU(3) limit.*

I assume the SU(4) symmetry breaking of the
form S,* +6S,° [ 6 is a numerical parameter]. I
take into account the effect of the symmetry
breaking perturbationally, including arbitrary
orders.

For instance, the matrix elements including

S-wave amplitudes of the hyperon decays, except N

the first order of the breaking are

T* = T[kl]“j]sm' MlijnMnm - T[ij][kl]SIka‘Mn ij"
* (Tfkl][”] SmlMimMjnMnk - T[U][“ ]SlmMmanij" ). (5)

The effective nonleptonic Hamiltonians, 7. and ,

T,, transform as 20 and 45® 45*, respectively,
Let us assume again the 20 dominance (or the
459 45* suppression). It should be noted that
this assumption is independent from that of the
20 dominance for the currentXcurrent. | I shall
discuss later the possible effect of the 45& 45*
parts.]

First I discuss the contribution from the term
which is proportional to cos?§. The results are
as follows:

DO"KO"h [Dl" MK, Dy~ TIK1J ’

R . (6)
D™ - forbidden,

Ftr—gq*n,

where 7, is the SU(4) 1 component of the pseudo-
scalar meson. Thus the decay rates depend on
how much 7(550) and 7(960) contain the 1 compo-
nent in them. Here D, and D, are CP even and
odd, respectively.

We can include the effect of the higher orders
of the breaking (S,*)™(S,®)" (m and = are arbitrary
nonnegative integers). Under the assumption of
the 45® 45* suppression, possible two-body de-
cays are as follows:

D°~EK°;, D*-forbidden,
("N
Ft— 7T+?'),K+I?0,
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where 7 represents either 1(550) or n(960). For
example, by the breaking S,*xS,%, decays D°

~ K°q(550) and F* - 7*7(550) occur through the
M, component, not through 7,. In this case the
decay rates depend on the magnitude of the break-~
ing only.

Next I discuss the term proportional to cosé
xsing. By the breaking S,*, the following decays
are possible in the case of the 45® 45* suppres-
sion:

D°-~n°ny,mm,, D*—w'm, F'-K'n,.  (8)
The breaking S;® only cannot cause any two-body
decays. If we include the breaking S,*xS,°, we
have an effective Hamiltonian Tp,,,[*/1S S, * which
transforms as 15. Through this term the follow-

ing decays are possible®: 16:
D°—n*n”, 20°% K*'K™,K°K°, 21, 1%,
D*—7*n,K*K°, 9)
F*-1*K° K*n° K*n.
Even if we include all possible effects of the
breaking, (S,*)"X(S,%)", the possible decays are
included in Eqgs. (8) and (9) under the assumption

of the 45® 45* suppression.
If the 45+45* parts are not suppressed, con-
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trary to the above assumption, then the D, meson
decays to 7*K* and K,m°. Thus for charmed-par-
ticle searches it is crucial whether the 45® 45*
parts are suppressed or not. -

If the 45® 45* parts are suppressed, the decay
modes including 7 may be substantial; from the
above analysis we guess that the main modes of
two-body decays may be D°~ K%, D* - n*n, K*K°
and F*— 7%y, The so-called energy crisis'” may
be due to the threshold effect of charmed mesons,
decay products of which contain 7(550), since
1(550) decays to all neutral with the branching
ratio 70%.

In this Letter I am not concerned with the ori-
gin of the 20 dominance for the current X current,
but I comment that there are two possible expla-
nations. One is that the 20 part is enhanced be-
cause of the short-distance behavior.'® The oth-
er one is that the quarks obey Bose statistics.'®

My final comment is as follows: The use of
current algebra and the soft-pion technique for
the S-wave amplitudes of the hyperon nonleptonic
decays® leads to V3Z,* +A.°=E." and V6A.°
+V2Z,*=2,". I we assume again the 20 domi-
nance for the currentX current, we obtain further
Z," =0 (S wave), which reduces the above two
relations to Eq. (2).%*
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yashi for stimulating discussions. He also thanks
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