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The quark model has been used to obtain s- and p -wave amplitudes for nonleptonic hyperon
decays. While all the s-wave amplitudes could be related, we have only one sum rule for

the p ~wave amplitudes.

I. INTRODUCTION

The quark model® is fairly successful for the
strong and electromagnetic processes in obtain-
ing sum rules,? mass relations,® and decay am-
plitudes.? In obtaining the scattering amplitudes,
where a meson is involved, it is usual to take the
meson as a fundamental particle. But we have
shown® that treating the meson also as a quark-
antiquark composite is possible and indeed gives
better results. Moreover, the inconsistency of
treating some particles as composites and others
as elementary is removed.

In this paper we calculate the s- and p-wave
amplitudes of nonleptonic hyperon decays. We
assume that a spurion which transforms as K° is
responsible for the s-wave decay, and a spurion
which transforms K *° for the p -wave decay. It
is equivalent to saying that the weak-interaction
Hamiltonian transforms as the (8, 1) and (8, 3) of
the 35 representation® of SU(6) for the s- and
p-wave decays, respectively. The difficulty with
the SU(6) calculation” of a similar nature is that,
while correctly predicting A(Z})=0, it also gives
B(Z1)=0 (where A and B stand for the s- and
p-wave amplitudes and T § refers to the decay
% *—n+7*), which is in very bad agreement with
experiment. To avoid this, specific models are
constructed which give A(Z})=0 and B(ZI) #0.

In the present calculation, we assume that the
s-wave amplitudes are given by the interaction of
an antiquark from the spurion with a A quark of
the decaying baryon. For the p-wave amplitudes,
we assume that besides the quark-antiquark inter-
action, the quark-quark interaction also comes
into play. This way B(Z ;) becomes nonzero. The
above assumptions are not new to the quark model.
Flamm and Majerotto® and Toda® have assumed
that a single-quark (strange) transition is enough
to explain the P.V. (parity-violating) amplitudes
and a two-quark transition plays an important
role for the P. C. (parity-conserving) amplitudes.
But the essential difference between the present
and the earlier work is (i) we have not assumed
the mesons as elementary particles; (ii) the two-

8

quark transition takes place between a quark from
the baryon and the quark from the spurion.

II. s-WAVE AMPLITUDES

A spurion with strangeness one is responsible
for the s-wave decays. We assume that it has the
transformation properties of K° of the pseudo-
scalar octet. That means A(A - p+77) is pro-
portional to the scattering amplitude of the pro-
cess K°+A—~p+7~, the only relevant terms com-
ing from the interaction of the A quark of the ini-
tial baryon with the X quark of the spurion. In the
particle space, the most general form of the ma-
trix element is given by'°
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M=3,C!M;,

i=1

where

M,=Tr(BBPU),
M,=Tr(BUBP),
M,=Tr(BPUB),
M, =Tr(BPBU),
M =Tr(BBUP),
My =Tr(BUPB),
M,=Tr(BP) Tr(BU),
M, =Tr(BU) Tr(BP),
M,=Tr(BB) Tr(PU).

B and B stand for the baryon and antibaryon octets,
and P and Ustand for the pseudoscalar octet and a
3 X3 matrix with (U)2=1 and the rest of the ele-
ments equal to zero, respectively. With CP in-
variance of the weak interaction, the matrix ele-
ments of the P.V. and P.C. parts of the hadronic
weak decays have, respectively, the following
forms'®:

a,[Tr(BBPU) - Tr(BBUP)]
+a,| Tr(BPUB) — Tr(BUPB)]
+a,[ Tr(BP) Tr(BU) - Tr(BU) Tr(BP)]
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and
b,[ Tr(By,BPU) + Tr(By,UBP)]
+ by Tr(BysPUB) + Tr(By;UPB))
+b,Tr(BysPBU)
+ b Tr(BP)y, Tr(BU)+ Tr(BU)ys Tr(BP)] .

We now look at the matrix elements from the quark
point of view. We observe that double-scattering
effects contribute only to a,, b,, b, and b,. A(Z1)
gets a contribution only from a, and hence we take
a, to be equal to zero, since A(Z})=0 experimen-
tally. Hence it is reasonable to assume in general
that double-scattering effects are negligible for
the parity-violating amplitudes.

The quark-quark interaction Hamiltonian is char-
acterized by the following equations®:

V@A) =V ® . N_) + Vo | M. @)
+ Vo | @ N+ V| N_®L) (1)

VIea) =v@ @) + VO x,0.)
+ Ve, + VO A e,) . (2)

The quark-antiquark interaction is characterized
by?®

Ve T ) =Vyl®T) + V|0 R, (3)

7lex) =VR|ex)+7L|eX.), (4)
VIR, =Vul®. @) +V, [|€.C) - |T)]
TR + V0.8 - |0 7))
+Vee“(P+6—>'-> - |@-§+>

- lm+§z—> + Im-ﬁvr)]

+ 7PN - x0T, (5)
where ®, N, and A stand for the quarks. Now
AA) < AK®+ A ~n+1°)
< —3V3 (Ve +3720) . ()

All the other s-wave amplitudes can be calculated
similarly. We observe that there is only one con-
stant 7,2 + 172 for all the s-wave amplitudes.

The AI =3 relations follow immediately:

V2ZAEH+AEZ)=AED), (M
VZ ALY =-A(A%), 8
V2 A(E) =-A(ED). 9)

Besides the above relations we also obtain

A(N2)=-V3AEY=-A(ZD)
- 75 A, (10)

where Q* stands for the decay Q™ - EZ*+7~, and
V3 AZH - AN2)=2A(ED), (11)

where Eq. (11) is the Lee-Sugawara triangle rela-

tion.!! Moreover relations like
V2 A(Q*)=V3 A(Z})+3A(A%), (12)
% A(ZD)~A2)=24(ED), (13)
B AE)+ AN =24(= (14)

obtained from different models'?* 2 are also seen
to be satisfied.

III. p-WAVE AMPLITUDES

The spurion that is responsible for the p-wave
decays transforms like K*°. We assume that
double scattering of the quarks should be taken
into account. That is, besides the interaction of
the X quark of the spurion with the A quark of the
baryon, the quark in the spurion also interacts
with the remaining quarks in the baryon. The ef-
fect of the double scattering is quite prominent.
This can be seen from B(Z}) which has contribu-
tions only from the simultaneous quark-antiquark
and quark-quark scattering and we know that B(Z})
is not small. All the p -wave amplitudes are de-
scribed in terms of six independent amplitudes
effectively in the exact SU(3) limit. They are

' vfzt’)’ V:(zé) Veas Vc(xle)vee’ Vf,é)Vde, Vgle)vea, and

VvV, . For example, we obtain
V3 _ V3
B ey Ve —577 Ve Vee

V3 V3 o
+2f2" Vg;)ne'*'zﬁ VEztla)Vedy

(15)

and similarly for all other p-wave processes.
Besides the following Al =4 sum rules,

V2 B(Z})+B(Ei)=B(EZI), (16)
V2 B(A9) = -=B(A%), (17
V2 B(29)=-B(52), (18)

we obtain only one more sum rule for the p -wave
amplitudes:

V3
v i *) = — =
2 B(EZ)+ B(Q2*) 673 B(Q%), (19)
which cannot be tested at present for lack of ex-

perimental data on @~ weak decays, with Qf
standing for the decay Q" =-A+K".
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IV. DISCUSSION

We have only one constant to describe all the s-
wave amplitudes, and the p-wave amplitudes are
described by six independent constants. Whereas
all the parity-violating amplitudes could be re-
lated, we have only one sum rule for the parity-
conserving ones. Moreover, it is observed that
SU(3)-symmetry breaking has no effect on the sum
rules for the s wave. But the SU(3) violation
changes the amplitudes for the p -wave decays of
=~ and "~ only. Therefore if SU(3) violation is
‘taken into account, there is no change in the sum
rules for the s-wave amplitudes, whereas no sum
rule can be obtained for the p -wave amplitudes.

[K=2]

However, if V{V,, =0, we obtain the Lee-
Sugawara rel~tion for p-wave amplitudes also,
under SU(3) symmetry. Nonleptonic hyperon de-
cays were also considered by Misra and Dash'*

in a relativistic quark model using three constants
to describe the s-wave as well as p-wave ampli-
tudes. They were able to relate the p- and s-
wave amplitudes and it is not possible in the model
considered here.
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