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Charm-changing decays of 1/2+ and 3/2+ baryons in SU(3) dynamical scheme
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We discuss here the two-body weak decays' of charmed baryons in a simple SU(3) dynamical scheme.
Considering the decays B~B'+P in s, t, and u channels and assuming the dominance of nonexotic
intermediate states, several decay amplitudes are obtained. We find that the the parity-violating decays in

B(3)~B(8)+ P(3*), B(3)~D(10) + P(3*), and B(3*)~D(10)+ P(8) channels are forbidden independent
of the nature of the weak current. We obtain null asymmetries for the weak decays of singlet charmed
isobar 0,++.

I. INTRODUCTION

Weak hadronic decays of charmed baryons have
been studied in the framework of SU(4) and SU(8)
symmetries. ' Keeping in mind that SU(4) is badly
broken, such studies have also been made in the
framework of SU(3).' In the currentS current
picture of weak interactions, the SU(3) weak
Hamiltonian can belong to the 3+ 6*+15 repre-
sentations, but no useful information can be ob-
tained because of too many parameters. In the
uncharmed sector, while leptonic and semileptonic
decays are described successfully, ' the weak non-
leptonic decays are not well explained even at the
phenomenological level. The lack of simple under-
standing of the bI= ~ enhancement has made its
generalization unclear. Its simple extension to
SU(4), i.e., to the 20" dominance in the Glashow-
Iliopoulos-Maiani (GIM) model leads to many un-
satisfactory features. 4 Even at the SU(3) level,
6* dominance suppresses5 D'-E g', while experi-
mentally, its branching fraction is found to be
comparable to D -K g', the GIM-allowed decay. '
Therefore, substantial contributions from other
parts of the SU(3) weak Hamiltonian, such as 3
and 15, seem to be present. But in the presence
of these components, the predictive power of
SU(3) is further decreased. Recently, we' have
deduced most of the observed features of nonlep-
tonic decays of ordinary hyperons in a simple
dynamical consideration. Taking the decay
B—B'+P as an S+B—B'+I' scattering process,
the decay amplitudes are expressed in terms of
eigenamplitudes in different channels correspond-
ing to each intermediate state. ' By assuming that
the nonexotic intermediate states~ contribute
dominantly, the hypothesis of octet dominance for
the parity-violating (PV) weak Hamiltonian is
obtained. Further, the assumption of the identity
of s- and u-channel reduced matrix elements
leads to well-satisfied relations such as Z,'= 0 for
the PV mode and the I,ee-Sugawara gum rule for

the parity-conserving (PC) mode, etc. In the
case of 0 decays, such considerations allow a
bI= —,

' contribution which was observed to be about
20-25% in a recent CERN experiment. '0 In this
analysis, PV decays are found to arise mainly
through the t channel and PC decays obtain domin-
ant contributions from s and I channels. These
results are in accordance with the results of
current- algebra and duality arguments. Using
duality arguments, Nussinov and Rosner' have
shown that for s-wave decays, the low-energy
pole contribution is relatively small and the
Regge contribution dominates. In the current-
algebra framework, '2 PV decays get a contribu-
tion through the equa}-time commutator (ETC)
term which in our analysis corresponds to /-
channel contributions. For PC decays, small
t-channel contributions are understandable since,
here, unnatural-parity states appear which have
low Regge intercepts. Similar structures for
PV and PC decays have also been obtained in the
constitutent-rearrangement quark model. '3

In this paper, we employ similar dynamical
assumptions in order to study the weak Hamil-
tonian structure for charm-changing decays in the
SU(3)-symmetry framework, where the current

current weak Hamiltonian transforms like 3
+ 6*+15 representations of SU(3) . Constraints
on the reduced matrix elements for the process
S+B-B'+P are obtained by assuming the non-
exoticity of the intermediate states. The identity
of s- and I-channel reduced matrix elements can-
not be applied here, since the initial and the final
baryons belong to different representations. In
the GIM model II~ is suppressed as a result of the
cancellation of the adjoint representation at the
SU(4) level.

We discuss the weak hadronic decays of —,
"and

~" baryons. Because of the heavy mass of the
charm quark, new channels open up for the charm-
changing decays of ~" baryons. In addition to
B(~")-B(~")+ P(0 ) channels, —,

"baryons can de-
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cay like B(—,")-D(~") + P(0 ), B(2")-B(~")+ V(1 ),
B(—,")—D(—,")+ V(1 ) also. We obtain decay ampli-
tudes for these channels for 4C = 4S as well as
the ~C = -1, AS = 0 mode. Of the ~ charmed iso-
bars, Af" (C = 3) is expected to decay through
weak interactions only. %eak decays of 0~3" are
also discussed. Since recent data' on charm
mesonic decays do not favor 6* dominance in the
GIM weak Hamiltonian, this may indicate the
presence of higher representations other than 20"
at the SU(4) level. Moreover, it has been argued
by Ellis, Gaillard, and Nanopoulos" that short-
distance enhancement for the sextet component is
not as effective for charmed-particle decays as
for ordinary decays due to the heavy charmed-
quark mass. Therefore, we start with the gen-
eral weak Hamiltonian (6*+15). In our analysis,
we do not get dominance of any of these repre-
sentations. However, we discuss the implications
of 6* dominance on weak decays.

In Sec. II, we discuss the details of the method
and in Sec. III, the decay amplitudes are derived
for AC=bS as well as 4C=-1, ~S=O mode. In
the last section, we discuss the results.

II. PRELIMINARIES

3 e 8=3 +6* &5. (2.4)

H~3 is suppressed as a result of cancellation of

H~ in SU(4)." Tensor structure of the Hamil-
tonian (6*+15) corresponding to the three modes
(AS=- —1, 0, +1) of charm-changing decays is
given by

Hw (T((33+ ((3&) 8c~ for bS= —1,

The GIM left-handed weak current'6 belongs to
the 15 representation of SU(4) and has the follow-
ing SU(3) components:

J3 =uy (1+y)dcos8C+uy (1+y,)ssin8o, (2.1)

J3 = -cy„(1+y, )d sin8C + cy~(1+ y, )s cos8c .
(2.2)

The superscript denotes the SU(3) representation
and 0~ is the Cabibbo angle. The weak Hamilton-
ian H~-P, J~) then has the following SU(3) parts:

H, - [gs, s),L3, 3*)]„,+ L3, gs.. .+L8, 3*)„,,
(2 3)

We are interested in the charm-changing (bC = -1)
piece of the -weak Hamiltonian belonging to the
SU(3) representations present in the direct product

where T&„„and T', ~, &
are tensors representing 6*

and 15 representations of SU(3), respectively. In
order to obtain constraints on the reduced matrix
elements, we consider the hyperon decay A-B+ P
as S+A-B+P scattering process' in all the
three s, t, and u channels, where the weak spurion
S has the same tensor structure as the weak. Ham-
iltonian so that all the strong quantum numbers in
the above reaction are conserved. The transition
amplitudes are expressed in terms of reduced
amplitudes

(B 'IIPflm)(m II SIIB)

for s channel (S+B-m-B'+P), (2.6)

(PIISllm&(mlle'IIB&

for f channel (B+B'-m-P+S), (2.7)

(B'll Slim)(m IIT'IIB)

for u channel (B+P-m-B'+S) (2.8)

The baryon intermediate states then appear in the
s and n channels and meson states are exchanged
in the t channel. We assume that the effective
contribution to the decays comes mainly from the
single-particle nonexotic intermediate states.
It has earlier been noticed' that this assumption
leads to most of the observed features of the non-
leptonic decays of ordinary baryons B(8)-B(8)
+P(8) and those of 0 . Here, we consider the
nonleptonic weak decays of B(3*) and B(3) multi-
plets only since the present mass spectroscopy~8
of hadrons allows all the particles except 0& of
the B(6) multiplet to decay to B(3*)baryons'3
through the strong and/or the electromagnetic in-
teraction. Among ~" charmed isobars, 03'+ is
stable against strong and electromagnetic inter-
actions. In the next section, we consider the
two-body weak hadronic decays of B(3*),B(3)
multiplets, and charmed isobar 0~3".

III. DECAY AMPLITUDES

Contributions in s, t, and u channels coming
from different components of weak Hamiltonians
for the various decay modes are given in the cor-
responding tables. In writing the amplitudes, we
choose positive phases for all the 2" baryons. It
has been observed' that for the ordinary hadrons
the PV weak decays arise through t channels only
and PC weak decays acquire dominant contribu-
tions from s and u channels. Assuming that the
same is true also for the charmed baryons we
obtain the following relations.

(Tt(3& + T((3&) Sin 8e,3 3 2

2 3 2-(T((3& —Tr(3&+ T«»—

for aS=+I, (2.5)

TI»&) cos8e sin8e,

for bS=O,

A. AC=AS decay mode

(a) B(f')-B(~') +P(0 ). H~3"'(3 leads to
(i) B(8*)-B(8)+P(8)(Table I).
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TABLE I. EC~ 6S decays of B(3*). The contributions to the decay amplitudes are proportional to the tabulated num-
bers times cos 8&.

t channel
6* 15

B(3*) B (8)+ P (8) ag 8
+Sg

s channel
15

A8

u channel
15

AKM

1 1
2Ae -2/v e
0 0
0 0
0 0
0 0

1/ve 1/~e
0 0
1/W2 1/v 2
0 0
0 0
1

—1
-2/We

0
-2/vs

0
-1
-1/We

1
1/~2

—1/~2
—1/v 6

1

—1
0

—~2
0

-vY
1

-3/ve
—1

1/vY
-1/v2

S/~6
—1

2/&6
0
2/He
0

-3/&6
1

-1/v&
1/~2

-1/&6
—1

1
0

-vY
0
vY

-1
-1/v~e

1
1/&2

-1/W2
3Ae

-1

2/~e
—~2/3
—2/~6

~r, /3
2
3

-4/3&6
3

—~2/3
W&/3
2/We

0
0
0

-2/He
0

-1
0
1
0
1/~2

-1/We
0

0
1/We
1/vY
0

—1/&2

-1/vs
1
2

—1/2~2
3/2~6
0

1
2
1
2

0
0
0

-2/We
0
1

0
1
0
1/~2
1/~e
0

0
1/We
1/vY
2/vY

-1/W2

-1/v 6
1
2

-1/vY
1/2&2

-5/2&6
0
1
2
1
2

PV mode:

(z ~'ll1,"&= &z'ql ~,"& = &z'w'I J,"&

=&=-'sc
I
x,"&= &z'z-

I
=-,"&

&l,ZoI~; &=&z Z'I=-; &
=W2&z'Z'I=-,"&

= ~6(Az'
I
=-,"&,

(3 1)

(3 2)

1~ I 2) ( 1 7I 2&

z+ +
I

„++) („ Io +
I

„+)

&="z'ln &=-(~"z'I=
&

PC mode:

&=-;"
I
=-;&+ ~2&=-

&6&=-,"q
I
=-;&+ &=-,'o~

I
=-;& —2y. ,"z'

I
-„-;&

(3.9)

(3.10)

(3.11)

(3.12)

(-')'"&~ l~"&=-&=' I="&=&=

PC mode:

(3.3)

(3.5)

&z &'II1,"&=-&z'~ I~,"&, (3.4)

w2(=V
I

=")—(= m"
I

=")=("'w'I ."&

(z+go
I

„ I+& ( 0 +
I

i+&

=2[&z'~
I
=-P&+ ~2(z'I~'I =-P&]. (3 6)

=&=-,"'I=-;"&. (3.»)
and Q2 decays do not arise through the s chan-

nel.
(iv) B(3)-B(8)+ P(8) (Table II).

PV mode:

(z; z- I:-;)
= &=" ln I =2& ( 1 ll 2& ( 1~

I 2& &n1+
I 2&

=,"decays are forbidden in the s channel.
(ii) B(8)-B(8)+P(8~) (Table II).

PV mode:

=0 (3.14)

(3.15)

&z'D'I =-2'& =(z'D'
I
="» = (&D'I =.

2&

(z0gy
I

„+) („0~
I

+)

=&=-'D In;& = o,

PC mode:

&z'D'I-.
2 &+(z'D'I-2&+ ~2(z'D I-. » = o.

(3.7)

(3.3)

Since all the decay amplitudes vanish in the PV
mode, null asymmetries are indicated. ' Notice
also that ™2+and Q2 decay only through the u
channel.

(iii) B(8)-B(8~)+P(8) (Table II).
PV mode:

I=-; &=~2&=-o„.l=-;&=&n,'ln;&,
PC mode:

&z sc'I=- )=&n',~'In;&=o

=&=-;z'
I
n;&,

~~&=-",
I

=-;& =&no,~
I
=;&,

&z;z l=-,&=.w2&z;vol=;&.

(3.16)

(3.17)

(3.18)

(3.19)

(3.20)

Here, also, there is null contribution to decays of
and Q', baryons in the s channel. 6* dominance

of the weak Hamiltonian leads to the following addi-
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TABLE G. b, C= 4S decays of B(3). The contributions to the decay amp1. itudes are proportional to the tabulated num-
bers times cos28&.

B(3)-&(8)+&(3*)

t channel
6* 15
(no nonexotic

state)

g channel g channel

+D+

Hw~+ ~ AD+

Z+Dn

~ OD@

w 0~+

n' -= 'D'

a(3) -ay+)+ y (8) t
Cpc

t
C3g

-2/We -3/&6

(no nonexotic
state)

w~ I + +

w+ ~t+gp
2 i

wty p
7l

w p+

w (0
tt

+ w p+gp

Z/&6

0

no nonexotic
state

++~ g +++0

w + +
w 1

w 2
w ++ g++gp

Z )Zp

pw

pw $7t

a 0Z'

g+ ~ w~ +gpw

-1/v2

1/v 2

1/v 2

—~s/2

-1/W2

1/~2

-1/v 3

1/v 2

0

tional relations:
for the PV mode:

for the PC mode:

(S.2&)

(3.22)

(3.23)

(3.24)

(3.25) („I+ +
i

„++& ( I+g0
i
g+&

(3.27)

(3.28)

(3.29)

(3.30)

(3.31)
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TABLE ill. A C= M decays {t&' I '+ 0 ). The contributions to the decay amplitudes are proportional to the tabulated
numbers times cos 8C.

B(S*)-D(10)+ P(8)

t channel
e* 15

no nonexotic
state s

s channel
15

S
&fo

u channel

no nonexotic
state

p ~+~ g ++@~
i

4+E
z*'~0
z g+q

zg0 +

~+0++

~wi+~ zg+g0
gQ

z g++
z~Qz'
~gQ 0

~gQ

+
M

0 g+

B(3) D(10)+P(3*)

0
0
0
0
0
0

not
allowed

-1
-1/vS

1/He
1/v2
1/We

1/Ws
1/He

-1/ve
-1/v2
-1/vS
-1

no nonexotic
state

1

-j./He
-1/W2
-1/ve
-1/Hs

1/vS
1/We

-1/We
-1/v2
-1/Hs

not
allowed

4/3&e
0
4/3&e
4/3&s

-4/sos
-4/see
-2/sv e

~2/3
-2/siS
-j

0
0
0
0
0
0

not
allowed Q

E3g

0
0

-2v 2/3
0

2/vS
-2/vS

2/Hs
0

-2/ve
—vY/3

0
0

' 0
0
2/We

-W2/3
2/We

0

2/vS
-2/v S

0
-2/We
-2/We
v 2/3

0
0

++~ Z )f(+D +

+~ Zg+DQM

Z*'D+
~gQ~+

g y ~gQD+ 0

0
0
0

0

2/VS
2/We

2/vS

0

2/vS

-2/vS
0

-2/vS

2/Hs

2/vS

2/vS
4/He
2/vS

2/v 3

(3.32)

(&l&'I ="» = -2)~3&=.« I
=~2)

B(3)-B(6)+ P(8) decays are forbidden in the u
channel.

(b) B($)-D($) +P(0 ) (Table III).
(i) B(3~) -D(10) +P(8). Since the I-channel

contributions vanish here, we expect the PV mode
- to be forbidden, indicating vanishing asymmetries.
If 6* dominance is assumed, these decays occur

TABLE IV. b, C= b, S decays of 0*3". The contributions to the decay amplitudes are proportional to the tabulated num-
bers times cos2&~. I

t channel s channel u channel
15

D(1)—B(3*)+P(3*) state
not

allowed
no nonexotic

state
not

allowed
not

allowed

gg+y ~PyD +

D(1)—B(e)+P(3*)

0

not
allowed

no nonexotxc
state not allowed

no nonexotic
state

not
allowed

IQ
3

Qg++~ ~~ +D+
3 0 0

D(1) B(3)+ P(8)
no nonexotic no nonexotic no nonexotiq no nonexotic

state state state state

gg++~ ~~ +++
3 ~ 2

0 2m'

0
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through the s channel only.
(ii) B(3)-D(10) +P(3~) (Table III). Due to the

vanishing t-channel contributions, the PV mode is
suppressed. Therefore, null asymmetries are
indicated. Notice that these decays can occur
through the H~~5 component only. .Therefore, sex-
tet dominance forbids these decays totally.

(iii) B(3)-D(6) +P(8). These decays can be ob-
tained from the corresponding decays B(3) -B(6)
+ P(8) in Table (II) simply by replacing d and D

by g and G, respectively.
(c) D('P)-B($) +P(0).
(I) D(I)-B($)+P(0) (Table IV). Qf" can de-

cay to B(3~) and B(6) baryons through 6* and 15
spurions, respectively. Our. analysis allows the
only possible decays Qf"-:-PD'/=;D' to occur
through the u channel. The PV mode is suppres-
sed. Sextet dominance forbids 03"-™~&D'decay
in the PC mode too.

(ii) D(1)-B(3)+P(8) (Table IV). This mode is
allowed in the t channel alone thus indicating
vanishing asymrnetries.

(d) D(T)-D(f)+P(0). The decay amplitudes
for the channels D(1) —D(6) + P(3*) and D(1) -D(3)
+P(8) can be obtained from corresponding decay
amplitudes in D(l) -B(6)+ P(3*) and D(1) -B(3)
+P(8). Thus the results obtained for D(2") -B(~")
+ P(0 ) are regained.

B. AC=-1, AS=0 decay mode

(a) B(~)-B(~)+P(0).
(i) B(3*)-B(8)+P(8) (Table V). Here the PV

If l~ol-Oz
(ii) B(3)-B(8)+P(3*) (Table VI). The f-chan-

nel contributions vanish and so the asymmetries
are zero.

(iii) B(3)-B(3*)/B(6)+P(8) (Table VI).
decays are forbidden in the s channel. 6~ dora-
inanee forbids PC decays of:-~' in the B(3) -B(6)
+P(8) mode.

(b) B(~)-D(T)+P(0)
(i) B(3*)-D(10) +P(8) (Table VII). Similar to

the AC = AS mode, here also, vanishing t-channel
contributions forbid the decays in the PV mode.
Sextet dominance allows the decays to occur
through the s channel only.

(ii) B(3)-D(10)+P(3*) (Table VIII). PV decays
do not occur due to null t-channel contribution.
Sextet dominance forbids these decays totally. '

(iii) B(3)-D(6) +P(8). Decay amplitudes for
this mode can be obtained from B(3) -B(6)+ P(8)
(Table II) by using appropriate reduced matrix
elements and Z&-Z&, =&-=&, and Q, -Q*, .

(c) D(~) -B(~)+P(0) ~

(i) D(1)-B(3*)/B(6)+P(3*) (Table IX). Q~3"

decays arise only through the u channel. 6~

dominance forbids all the decays in the D(1)
-B(6)+ P(3~) mode.

(ii) D(1)-B(3)+P(8) (Table IXI. PC decays
of 0~3" in this mode are suppressed as the decays
in this mode are allowed only through the t chan-
nel.

(d) D('P)-D($)+P(0). Decay amplitudes for
this channel are obtainable from those in D(—,")-B(,")+—P(0) (Table IX) by using the appropriate
reduced matrix elements. The results remain
unchanged'

Finally, we summarize that all the PV decays
of B(3) and B(3*) multiplets in the modes B(3)
-B(8)+P(3*),B(3) -D(10)+P(3*), and B(3*)
-D(10) + P(8) are forbidden in our considerations.
We obtain null asymmetries for all the 0,*"de-
cays since D(1)-B(3*)+ P(3*), D(l) -B(6) + P(3*),
and D(l) -D(6) + P(3*) are forbidden in the PV
mode and D(l) -B(3)+P(8) and D(1) -D(3)+P(8)
are forbidden in the PC mode. We have not dis-
cussed the weak decays of D(3) and D(6) charmed
multiplets as these are expected to be swamped by
stronger interactions. However, decay amplitudes
for the D(3) multiplet can be obtained from those
of B(3) baryons straightforwardly. Similarly,
vector-meson channels B(—,")-B(,")+ V(l -),
B(-")-D(-") + &(1 ) D(-") -D(-") + V(1 ) D(-")

B(,"') +-V(l—)can be obtained from the corres-
ponding pseudoscalar-meson channels by follow-
ing the replacement P- V as

m -p, K-K*, D-D*, E-E*,g-V, , and q'-y„.

IV. DISCUSSION

At present, the structure of the charm-changing
weak Hamiltonian is not clear. The conventional
GIM model fails to describe the weak hadronic
decays successfully. Even at the SU(3) level,
sextet dominance does not seem to be a good
assumption. Since SU(4) is expected to be badly
broken, we here employ SU(3) symmetry to study
the weak nonleptonic decays of charmed baryons
and isobars. In SU(3), the general Hamiltonian
belonging to 6*+15 representations does not
yield useful information, due to a large number
of parameters. In order to obtain constraints
on the reduced matrix elements, we work in a
dynamical model where we consider the weak de-
cay 8-9'+ P arising as an S+B-B'+P scat-
tering process which is assumed to be dominated
by the nonexotic single-particle intermediate
states. The weak nonleptonic decays of baryons
including 0 have been explained successfully in
such considerations. ' In particular, this model
simultaneously explains octet dominance for
—,
"--,"+0 and a.I= ,' violation (25/o) —for Q -:-m
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TABLE Vt. 6 C= -1, 4 8= 0 decays of B(3). The contributions to the decay amplitudes are proportional to the tabu-
lated numbers times sinezcos&z.

t channel

B(3) B(8)+P(3*)

6+
no nonexotic

state

15
no nonexotic

state

s channel
6* 15
$ $

beg BB

u channel

B6

w ++ pD+
+++

w+ ~D0
nD'
Ay+
Z0S'.

0+ ~ AD+
2

Z DP

gPD+
wpg y

0
0
0
0

0.
0
0
0

~2
-2

4/&6
0

-2/ve
~2

vY
~2

0
0

-1
1
0
v2

3/&6
-1

1/v2

~1
0
3/We

z/Ha

-3/W6
~1
+1/ 2

0

1
2
1/H6
1/W2

1/W6
1

-1/W2
2

1
0
3/ve

-1/W2

-3/ve

1/W2

1
-2
-3/He
-3/v2

-3/&6
1

-~2
~2

B(3)—B(3*)+I (8)

pp+ +

wp+g yw f
+ gp+ 0

w2 f
A'f g
w p+g
wppg y

n+ -A'+&
2 1

wp+ p

wp+

wpp +
7I

C3g
t

1/v2
-3/&6

0
1

i/W2
3/W6

-1/W2
3/H6
0
1

0
1/W2

-3/W6

C3g
$

0
4/ve

~2
-2
~2

u2
-2/v6
-2

—v2
0

-1
1

-1
-1/v2
-3/&6

1

~2
~2

vY
-2/ve
~2

0

-1
0
4/&6
0

no nonexotic
state

B(3) B(6)+P(8) 43+ DS
6

no nonexotic
state

++

+

y++ 0

g ++~

~'x'
1

whig +

++g ~

Z f+g

yp ~+
fw +gPw f

wpg ~
wf

++@ m

Z f+X
w+ 0
wf7t

+w
wp
wi 7l

opz'

1/v2
-3/ve

1/W2

-1/v2

0
1
2

-~3/2
1
0

-1/H2

-1/W2
3/W6

1/vK
-1/v2

1
2
~3/2

0
-1/v2

0
0
j.

—&3/2
1/iF

1
-1

0
-1

-1/H2

-1
1/W2
1
2
~3/2
]./H2
1

0
1/H3
1
1/W2

i/H2

1/W2
1

0

-1

0
0
0
0
0
0

0
0

-~2

0

1/H3
0

-~2
0

0
~2
0
2/W3

0
0

decays. On extending these considerations to the
charm sector, we notice that the sextet domin-
ance of the weak Hamiltonian does not follow as
might be expected in the GIN model. The most
general Hamiltonian forbids B(3) -B(8)+P(3~),

B(3) -D(1Q) +P(3*), and B(3~) -D(lQ) + P(8) chan-
nels in the PV mode independent of the nature of
the weak current. Corresponding channel emit-
ting vector mesons are also forbidden. For 0~3"
decays we obtain null asymmetry parameters for
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TABLE VIII. AC= -&, b, S= 0 decays (2
' q++ 0 ). The .contributions to the decay amplitudes are proportional to the

tabulated numbers times sin8&cos8&.

B(3)—D(10)+P(3*)

Qg

not
allowed

15
no nonexotic

state

6+

not
allowed

s channel
15

not
allowed

u channel

g ~DO
2

b, 'D'
Z*'E+

M+ ~g+DPM

ADD+

++0++

g + ~ g g+DO

g+OD+
gOy +

0
0
0

0
'0

0

0
0.
0

2/vS
2/vS
Z/&6

-2/vS
-2/%6

2/%3

0
2/vS

-2/&3

-2/~3
0
4/&6

2/vS
4/&6

0
-2/&3
-2/&3

2/&3
4/~S
0

-2/&3
0

—4/&3

all the decays emitting pseudoscalar mesons or
vector mesons.

In an earlier work, 3 two of us studied the struc-
ture of the SU(4) weak Hamiltonian. Using simi-
lar dynamical assumptions, QIM contributions are
shown to vanish'4 for PP weak decays of baryons.
These decays could occur through 15, 45, 45+
representations. " At the SU(S) level, 45+, 45
reduce to 6~ and 15 representations, respectively,
but 15 gives rise to the II~ piece of the weak
Hamiltonian. In the presence of these admixtures,
decay amplitudes acquire additional terms. We

notice that the Cabibbo-enhanced mode (b,C = AS)
does not get disturbed except that in addition to
cos'e„other factors will be present. Therefore,
decay amplitude relations remain unaffected. For
the AQ = -1, 6$=0 mode, the PV decays forbid-
den in the GIM model remain forbidden. (This is
a, consequence of the fact that these decays re-
quire exotic mesons to be exchanged in the t chan-
nel. ) parity-conserving decays of Qf" -B(3)
+P(8) and 03"-D(8)+P(8), forbidden in the GIM
model, are allowed to appear in the s channel.
through the H~~ part of the weak Hamiltonian.

TABLE IX. & C=-1, AS=0 decays of 0*3 . The contributions to the decay amplitudes are
proportional to the tabulated numbers times sinec cosmic.

D(1)-B(3*)+P(3*}

t channel

no nonexotic
state

15
not

allowed

u channel
15
not

allowed

15 6*
not

allowed h3

s channel
6+

no nonexotic
state

gg++~ P~+D+
3

M)4y +

not
D(1} B(6)+P(3) allowed

Q g++~ g ++Do
3

g +D+
1

no nonexotic
state

0

not
allowed

no nonexotic
state

not
allowed I3

D(1) B(3)+P(8) j3+

no nonexotic no nonexotic no nonexotic no nonexotic
state state state state

Q g++~ ~ ++~0
3 M

++ g

+g +
M 2

1/H2 -1/v2

S/&6 3/&6

0

0

0

0
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APPENDIX

Reduced matrix elements for different modes are
defined as

(a) B(~')-B(7)+P(07
(i) B(3*)-B(8)+P(8)

:=(8(s ( && (6*l3*&, = 8„8„io*

w'„=&a(s(m&(m(»(s*) m =8„8„10,27

a =(816(m&&ml813 ) m=3* 6 15

&.'=(8 (15*fm)(m (8 f3*), m =3*,6, 15,*,15)
a" =(8161m)(m(a

w". =&8(»*1m&&m la
I

3*& m =3* 6 iv».*.
(ii) B(3)-B(8)+ P(3*)

&s(3 Im)(m(6 (3) m=s 15

B'„=( (8 +3f'm&(m(15 fs&, m =6, 15+

b ' =(3*
I

6
I
m)(m

I
8

I
3) yi

m = 3, 15

B' =&3*(»*lm)&mla fS&, m=6*, 15

b". = &8 I 6 jm& &m I S I 3&, m = 3*, 6

(iii) B(3)-B(3*)+P(8)

s Im&&m le*i» m = 3* »*
c„' = (3*(8 lm&&m I15(3)

c =(8(6(m)(m (3(3), m =3*,6

c.'=(a (15*(m&(m fsls&, m=3*, o

e." =(3*le (m&(mls I», m =3, 15

c„"=&a*(15*( &&m Ia Is&, =6*,15.
(iv) B(3)-B(6)+P(8)

s

D:=&6(alm&&m f15 fS&, m=6, 15*,24

d' =(8 I 6 Im)(m
I

6*
I 3), m = 3*,15*

D„'=&a

d." =&6
f
6 fm&(m I

8
I
3&, m =6*, 15

D".=(6(ie*lm&(m fa fs&, m=s, o*, i5.
(b) B(v') -D(r') +P(o7
(i) B(3*) D(10)+P(8)

e' =(10
I

8 fm)(m I
6*

f
3 "p, m =8

E'„=&io(s(m&&m(»(3*& m =8, 10, 27

e' = (816 lm&&m
I

10*

z =&a lie*I && Iio*l3*&, =i5,*, i5,*, 15'
e" =(lo

s

(ii) B(3)-D(10)+P(3~)

f' =(10(3*(m)(m (6*(3), no intermediate state

P' = (10
I

3*
I
m) (m

I
15

I
3), m = 6, 24

10*13)
~

no intermediate state

f" =(10(6(m)(m (3(3), no intermediate state

z".=(io

(iii) B(3)-D(6) +P(8). Reduced amplitudes for
this channel can be obtained from the corresponding
channel B(3&-B(6)+P(8&by replacing d by@ and
DbyG.

(e) D(~')- B(~")+P(o )
(i) D(1)-B(3*)+P(3*)

(3*
I

3*(m)(m
I
6*(1)

B'.=&3*
f

3* fm)(m (15
f 1), no intermediate state

b' =(3*
I
6 Im)(m

I
3

I 1), m = 3

B' =(3*(15*(m)(m Is fi), no intermediate state

b„" = (3*
f
6 Im)(m (3 1), m = 3

B"=(3*(15*fm)(m (3(1), no intermediate state.

(ii) D(1)-B(6)+P(3*)

i' = (6 (3*(m)(m (6*(1), no intermediate state

1:=&6(3*(m&&m f15 fi&, m=15

i' =(3*(6(m)(m (6*(1), no intermediate state

1' =(3*(15*(m)(m f6*
f
1), m =6*

i" =(6(6(m)(m (3 f1), no intermediate state

1" =(6 (15*(m)(m (3 (1), m =3.
(iii) D(1)-B(3)+P (8)

j'„=(3
I
8

I
m)(m

f

6*
f
1), m= 6*

d'. =&3(slm&&ml» fi& m=»

j.'=&8 (6(m&&mls*(i&, m=s*

d.' = &8 (15*(m&&m
I

3*
I
1&, m = s*

j„"=(3
I
6 lm)(m

I
8

I 1), m = 8

=(3
f
15*(m&&m fs f 1&, m = s.

(d) D(~')-D(~") +P(0 ). Reduced amplitudes for
this mode can be obtained from the corresponding
mode D(&')-B(&')+P(0

& by the following replace-
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ment: (i) B(3*)-D(10) +P(8)

(i) for D(l) -D(6)+P(3*), i -k, 2-K and

(ii) for D(1) -D(3)+P(8), j- l, J-L
fi —Ae15* e15 E27 E 5~ E,5+ E 5,

1 2

—Efi g —
Q15

t t fi

(ii) B(3)-B(8)+P(3*)

=0.
2

(iii) B(3)-B(3*)+P(8)
c' =c'=c" =015+ 6 15

Qs -Ct —Cti —CQ Q15+ 6 6+ 15

(i&) B(3)-B(6)+P(8)

d6 g d15 —0

A superscript denotes the channel.

Nonexoticity of the intermediate states gives the
following constraints on the reduced matrix ele-
ments.

(a) ~+ -~+ +0
(i) B(3*)-B(8) +P(8)

(ii) B(3)-D(10) +P(3*)

F24 = F6 ~ = F24 g = 0 .
(iii) B(3)-D(6) +P(8)

O' =O' —G' ~ G' + G" G"15+ 24 15 15 6+ 151 2

(c)~+-~++ 0

(i) D(1)-B(3*)+P(3*)

h6* hst 0

(ii) D(1)-B(6)+P(3*)

IS I t —
Q

(iii) D(1)-B(3)+P(8)

-g"-0, Js —J —0

(d) ~'-~'+ 0

(i) D(2) -D(6) +P(3")

K'„=K6+= 0.
154 24 15+ 15+ 6 +

1 2

(@r"-r'+0'

fi
Q15 (ii) D(1)-D(3)+P(8)

1'+=i"=0 I.' =I."=06+ 8 & 15 8
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