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Cabibbo-enhanced weak decays of charmed baryons in the SU(4) semidynamical scheme
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Treating the weak decay B~B'+P as the process S+B~P+B', expressing the decay ampli-
tudes in terms of the reduced matrix elements in all the s, t, and u channels, and restricting the in-

termediate states to be nonexotic, we study the weak decays of charmed baryons. Using the experi-
mental data of strange baryons, we calculate the decay rates in the Glashow-Iliopoulos-Maiani
(GIM) model. We find that the addition of a 15 representation to the weak GIM Hamiltonian gives
good agreement with experiment.

I. INTRODUCTION

Weak decays have always been a rich source of infor-
mation on basic interactions. The nonleptonic weak de-
cays of hadrons, in particular, provide insight into the in-
terplay of strong with weak interactions. Up to now the
greater part of theoretical efforts to understand charm
decays has gone to charmed mesons. Here, we study
charmed baron decays, which belong to a relatively unex-
plored territory at the present time. A few candidates
have been identified experimentally. For example, a few
decay models of A,+, the lightest charmed baryon, have
been measured. However, the available data seem to pose
a problem for its theoretical explanation. The observed
values of the decay rates are much smaller as compared
to the estimated values.

The weak nonleptonic decays of charmed baryons have
been studied earlier using the U(2, 2) quark model, ' non-
relativistic SU(6) wave functions, and the MIT bag mod-

3 —5

For the nonleptonic hyperon decays, one employs the
conventional soft-meson technique, where the equal-
time commutator and the pole terms yield the s- and the
p-wave amplitudes, respectively. It has been known for
quite some time that although the current-algebra ap-
proach gives the correct relative sign for s- and p-wave
amplitudes, it still fails to reproduce their relative magni-
tudes. To improve the agreement between theory and
experiment, additional mechanisms such as the meson-
pole terms, factorizable contribution, " and —,

' low-

lying baryon pole contribution' have been attempted.
In an earlier work, most of the observed features of the

nonleptonic decays of the ordinary baryons have been ob-
tained using simple dynamical assumptions. ' The
effective Hamiltonian is treated as a spurion and the de-
cay B~B'+P is related to the process S +B~B'+P.
The decay amplitudes are expressed in terms of the re-
duced matrix elements corresponding to each intermedi-
ate state in all the s, t, and u channels. The weak Hamil-
tonian (8+27) with nonexotic intermediate states' and

s-u-channel symmetry' gives a well satisfied Lee-
Sugawara sum rule for the parity-violating (PV) as well as
for the parity-conserving (PC) modes, without the as-
sumption of octet dominance. In addition the relations
X+ =0 for the PV mode and &2X+ —Xo+ =&3A for the
PC mode are obtained. The important features of this
model are that it simultaneously explains the AI =

—,
' rule

for baryons and allows AI =
—,
' rule violation in 0 de-

cays. We note that the PV decays occur through the t
channel, whereas the PC decays obtain dominant contri-
butions from the s and u channels. ' These features are
in accordance with the results of duality arguments, '

current algebra, and the constituent rearrangement
quark model. '

Encouraged by the success of our model in SU(3)-liavor
symmetry generated by u, d, and s quarks, we extended
our approach to the decays of charmed baryons' ' in
SU(4) symmetry by including the charm flavor. We ob-
served that the PV decay amplitudes vanish for 20" as
well as for 84 parts of the Glashow-Iliopoulos-Maiani
(GIM) Hamiltonian and for the PC mode 84 representa-
tion contributes only through the t channel. Since the
data on charmed-baryon decays have started coming in
and more and more data are likely to become available in
the near future, we, in this paper, reanalyze our approach
in SU(4) symmetry to study the two-body decays of the
charmed baryons. We consider only the Cabibbo-
enhanced mode with DC=AS = —1. Starting with the
GIM model, we expand the weak decay amplitudes in
terms of the eigenamplitudes for nonexotic intermediate
states in all the three Mandelstam channels. We note
that the PC decay amplitude for A,+~Am+ arises dom-
inantly through the s and u channels and for A,+~pK
through the t channel. Using data on hyperon decays we
determine the reduced matrix elements and calculate the
amplitudes and decay widths for A,+ and find that the
GIM Hamiltonian gives a large width. We then include
the 15 representation which does not contribute to the
charm decays but affects the values of the reduced matrix
elements through its contribution to the hyperon sector.
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The estimated values now are in better agreement with
experiment. We finally include the 84 representation.
The method and the results on the decay amplitudes are
described in Secs. II and III, respectively. Summary and
discussion are given in the last section.

II. THE METHOD

The e6'ective weak Hamiltonian is treated as a
symmetry-breaking spurion S and the decay 8 —+8'+P is
treated as the process S+B~P+8'. The transition
amplitudes are expressed in terms of reduced matrix ele-
ments (amplitudes) in s, t, and u channels corresponding
to each intermediate state I I & which are defined as

&B'IIPllm &&mllsllB &

8'eak Hamiltonian. The hadronic part of the weak
V —A left-handed quark current

J„=uy„(1—y~)(d cos8+s sin8)

+cy„(1—y5)(s cos8 —d sin8)

transforms like the 15 representation of SU(4). The gen-
eral current X current weak-interaction Hamiltonian

H~= —(J"J„+J"J )
G

2 2

may thus belong to the SU(4) representations present in
the direct product

for s channel S +8~m ~B'+P, 15 15=1 15 1520"45+45* 84 . (2.1)

llsllm & & mllB'IIB &

for t channel 8+8 '~m~S+P,
&B'llsllm &&mllPIIB &

for u channel 8+P~m~8'+S .

The details of these elements for different
I
m & states are

given in the Appendix. The baryonic intermediate states
appear in the s and u channels while the mesons are ex-
changed in the t channel. We assume that the dominant
contribution to the process comes through the single-
particle nonexotic intermediate states. Thus only 4*, 20,
and 20' SU(4) baryon multiplets occur as the intermediate
states in the s and u channels while singlet and fifteenplet
mesons are exchanged in the t channel. We assume that
the weak Hamiltonian is symmetric in the s and u chan-
nels implying that the same reduced matrix elements ap-
pear in the s and u channels. That is,

&B'IIPIIm & & mllsIIB &
= &B'Ilsllm ~™IIPIIB & .

Because of the symmetric nature of the Hamiltonian,
only representations 1, 15„20",and 84 contribute. The
singlet cannot contribute to the strangeness or charm-
changing decays. It is also a specific property of the
GIM Hamiltonian that the bilinears in currents do not
contain adjoint representation in the exact SU(4) limit. '

Therefore, 15 does not contribute also. The GIM Hamil-
tonian thus transforms like

H~™=20"+84 .W (2.2)

H~=H~ +H~+H~,
where

(2.3)

However, the 15, representation may reappear through
the SU(4) breaking, gluon-exchange' ' generating
penguin diagrams, Melosh transformations on the left-
handed quark, etc. We shall later include the admix-
ture of 15 in the weak interaction. The most general
weak Hamiltonian for 8~B'+P decays is then given by

H20"
& 8 c 8[n, d]pmH a, b

I +a 8 m 8 fn, c]pdH a, b +a 8 m 8[c,d]pn H a, b
W 1 [a,b] m n 'c, d] 2 [a, b] m n c, d] 3 [a,b) n m c, d]

+ 48 [n, b)Ba PmH'c, d] + a58 [m a)Bn Pb H'c, d] +a68 [m n)Ba PbH'c, d' +a78 [n a)Bm
' PbH'c, 'd]

and

Hs =b 8 c 8 e' P"H""'+I 8 c 8['d]P H"b'+g 8 ' 8['f)P H"b'8' 1 [e,f] a b (c,d) 2 [f,a] b e (c,d) 3 [a,f] e b (c,d)

+b4B (, g)Bf' P, H'(,'d) +b~B (, ~)B, ' PbH(,'d) +b6B (, g)B "PgH'(", d) +b7B (, ,)B ' P~H(", d)

and

H~ —A18 [n,)B,"' PmHb+ A28 [,d)B,'"PmHb+ A38 [d,)B, '" PmHb+ A48 fm c)B,'"Pd Hb

+ A58 [m d]8, '" P, Hb+ A68 [m, )B, '" Pd Hb+ A78 [, d)Bm
d P,bHb+ AsB [,d)Bm'" P, H

+ A98 [, d)Bm
' P,Hb+ A 1PB [, d)Bm

'" Pn Hb

(2.4)

(2.5)

(2.6)

a = —a1 4~ a2= —a5,

CP invariance demands

a3 =a6=a7=0 (2.7a)

A1= A io A2= —As

5 A 9 A 3 A 4
= A 6

= A 7 0
(2.7c)

64 65 66 b7 61 62 b3 0 (2.7b) for the PV mode and
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a] =a4, ay=a5,

b4=b5, b6=b7,

3) = —A)o, 32=28, A5 A9

(2.8a)

(2.8b)

(2.8c)

for the PC mode. The dominance of nonexotic inter-
mediate states yields

a4=a5 =a6=a7 =0,
b3 b5 Oy b2 —b6, 2b, = —b7

237 =238 ~9 ~10~ ~5 ~6

for the s channel,

(2.9a)

(2.9b)

(2.9c)

a( =a2=a3=a4=a5=0,

b2 =b4=b5 =b6=b7 =0,
A3 244 A6 A ]O 0

for the t channel, and

(2.10a)

(2.10b)

(2.10c)

a, =a2=a6=a7=0

b3 b4 0 2b$ b6 b2 b7

39=—A6, 237=222= —35= —A]

(2.1 la)

(2.11b)

(2.11c)

for the u channel. The s-u-channel symmetry gives the
conditions

A. GIM model

We first work in the GIM model of the weak interac-
tion with a (20"+84) Hamiltonian. The decay ampli-
tudes are obtained by choosing Hi3 components in (2.4)
and (2.5).

1. Parity-violating mode

It is clear from the constraints (2.7) and (2.9)—(2.11)
that the CP invariance and the absence of the exotic in-
termediate states forbid 20" and 84 components of the
Hamiltonian to contribute to the decays in all the s, t,
and u channels. Thus the parity-violating decays of the
charmed baryons are forbidden in the SU(4)-symmetry
limit. The same result has earlier been obtained in the
duality framework and in the constituent rearrange-
ment quark model. ' It is also consistent with the obser-
vation that the factorizable contribution to s-wave ampli-
tudes vanishes in the SU(4)-symmetric limit. ' Thus
parity-violating decays seem to arise purely from the
SU(4) breaking. The measurement of decay asym-
metries would clarify the situation. We may remark here
that if we apply our scheme for the GIM Hamiltonian
6*+15 at the SU(3) level, the decays A,+~pK and
A,+~Am+ are allowed in the PV mode. The dominance
of nonexotic intermediate states, however, forbids

A,+~Xm!Xrt/:- E+ and:-, ~:- i) .
a& =a4, a2=a3

b2 = —b4= —b5 =b6=b7,
(2.12a)

(2.12b) 2. Parity-conserving mode

A, = —A io, 32= As, As = —A9, 23= A~ . (2 12c)

III. DECAY AMPLITUDES

The matrix elements for baryon decay processes can be
written as'

M = (B'PIH. IB )—=u, ,(W +By, )u, y, ,

where 3 and B are parity-violating and parity-conserving
amplitudes, respectively. For the Cabibbo-enhanced
AC =bS = —1 mode, the charm-changing effective weak
Hamiltonian ' is 0—( 0 0 io) (3.1)

For a 20"-dominant weak Hamiltonian, our approach
expresses all the PC decays of the uncharmed and
charmed baryons in terms of just three parameters. With
the conditions obtained for CP invariance (2.7a) and the
dominance of nonexotic intermediate states (2.9a),
(2.10a), and (2.11a), we find that the terms involving a3
for the s and u channels and the terms carrying the
coefficients a6 and a7 for the t channel in (2.4) survive.
The following decay amplitude sum rules are then ob-
tained. (See Tables I and II.)

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

H' = —cos Oc[uy (1 ys)d][sy—"(I y5)c] .—
2 2

The ground-state s-wave —,
'+ baryons belong to the 20'

representation of SU(4) with the following isospin and
SU(3) content:

= —&r'~+la+ &= 1
C C

—&&+& I:-,'& =v'2& =-'gl:-,'&, (3.2)
2

N
20' = 80 +3(

X,
+6,

Q,
+32

CC

(3.3)

(3.4)

where the subscript denotes the charm quantum number.
According to the observed masses of —,

'+ baryons, and
the mass pattern expected in the De Rujula —Georgi
—Glashow (DGG) model, 3i and 32 and Q (css) states
of 6& are stable against the strong and electromagnetic in-
teractions and so must decay weakly.

&6& wK 'I =-') =&a& x+~'I&+ ) —(pE 'I A+
&

(3.5)

(3 6)

(3.7)

—&2(r'SC'I=-,'&=&2&x+~'IA,+ &+&pe''IA,+) . (3.8)
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6
~ fK

O & O
t M 0

I I I I

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

0= (X+D+ I=++
&
=

&
='D+ &+

&

& =-'D,+ I=-++
&
= —&2& ~oD+ I=-;, &,

(3.9)

(3.10)

oo

&~ D'I=-+ &=&«AD+I=-+ &= —&2&roD+I=-+ & .

(3.11)

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

+ + + 0—( + Ol +) —( +
I

+)

& =-;+re 'In,+, ) = —(A,+Z''I:-,+, ),
(-io +I-+) (-t+ +I-++)

&A,+—E''I =-,+, ) .

B (3) +B (—6)+P (8):

(3.12)

(3.13)

(3.14)

(3.15)

I~~

+ +
l~ ~ ~ ~ ~ l~ I™

I I + I I

0= & n, ', re+ I:-,+, &
=

& =-,+~'I:-„)
( +

I

+) (y++~ —
I

+)

&n,'
+2( + + ++)

(3.16)

(3.17)

o

ch

+
+

~ I~

I

IV&

+

&2& =-,+re ln,+, ) =&2(r,+17'I=-,+, &

= —
& r,++I7'I:-,+, + &,

&AD I=-;, &=~Z&r ~'IA;&,

(3.18)

(3.19)

(3.20)

—2&A, 17 I=-;, &+&p17'IA, &= &:-'I7'I n', &,
6

(3.21)

0 0 0 0 0 0 0
2v 2 ( =, sr+ I:-,+, ) =&6(pI7 'I A,+ ) + (:-'17'I &'

&

(3.22)

In addition we obtain the following equations relating the
charmed-baryon decays with the strange-baryon ones:

C/30

o
v + g™

+

I

+ +

I Q I 4 I

& r+~'IA,+ &
= r+,cote,+ 0 +

2&3

(ps&'IA,+) =(A' — r+, )cote,0 1

6

&:-'I~'I &', & =(&2ro+ —r +~)cote,

(x+D I:-,+, &=X cote,

(3.23)

(3.24)

(3.25)

(3.26)

O

(A+17'I=-+) = —A'+ X+ — r+ cotec cc 2
— ~ + 2 0 7

2(:-,+m+ I:-,+, + ) =(&2x+ —x+ —&3A )cote .

(3.27)

(3.28)

oI oo ++ I I +o I I oo
[s] [r]

Determining the parameters (in units of
10 m '~ sec '~

) from the hyperon decays A, X+, and
X+ (Table I), we obtain
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s and u channels
cosO

t channel
cosO

TABLE II. Decay amplitudes for charmed baryon decays.

H"" H84

t channel
cosO'

8 (3*)~8 (8)+8 (9)

A,+ I' +K

A,+ X++w

A0+ ~r++ g0

A,+ X++q

A,+ ~A+a+

A,+ X +w+

A,+:- +K+

:-,'+ ~r++E '
i+ 0+ +

:-,0~r++Z—

A+K

X +E
:-,'0~:-0+~0

+ 7T

0

4
2&3
2

3

2—a
3 '
2—a
3 '
—2

3

4
3

0

0

4
3

2—a
3 '
—2

3

0
2—a3

0

—4 1—a6+ a„

0

0

0
—4 a6+ —a7

3

0

0
—4 1—a6+ a7

4 1

v'6 ' v'6 '

4 1—a ——a6 6 7

4 1

2v'3 ' 2v'3
0

4 1

~—a6 —a7

0

4 1
bi — b,

0

0
—4 1

1 3 3b +—b

0

0

4 1—bi — b,
4 1—bi — —b3

—4 1bi+ —b3
—2 1—bi+ b,v'3 2v'3

0

0

4 1—bi — —b3

8 (6)~B(8)+P (9)

:- +E 0 a7

8 (3)~8 (8)+8(3*)

+ 0+D+

X +D+
X++D

A+D+
++ y++D+

0
4a3—4—a3

4a3
4—a3

0

0
0

0

0

0

0
0

0

0

0

0

~+ ~IQ~ ++ c ~ 7T

~+
CC

+
CC

~=,++~0
:-,'+ +g

A,++K
++ I+~ +
cc ~ c

B(3)~8(3*)+8(9)

0

0

0
0

0

0

2 2
v'6 '
2 2

v'6 '
0
0—2 2—a6+ a7

2 2
v'6 ' v'6 '

—2 2—bi+ —b3

2 2—bi — —b3

0
0

2 2—b) — —b3

2 2—bi — —b3
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TABLE II. (Continued).

s and u channels
coso

H20"

t channel
cosO

H84

t channel
cosO

B(3)~B(6)+P(9)

Q, +K+
~+ ~p +=„~=,+~
~+ ~+~ 0

cc ~-c
~+ ~+cc~ c ~$8

X,++E

~++ ~0 +~cc ~~c +
++ y+++~ 0

2a6
—&2a,
0
&Za6
0
0
—&2a,
0
&2a6
2a6

2bi
v'Zb,
0
&Zb,
0
0
V'Zb,

0
&Zb,
—2b)

a3 =22. 13,
a6 = —6.94,

a7 = —3.01 .

We then compute the decay widths of the charmed
baryons from

I =c, ( ~l'+c, l~l ),
where

(m+m') —m
C)= K

Sm m

(m —m') —m
C2=

(m+m') +m

and

K = Q[m —(m' —m ) ][m —(m'+m ) ].1

We find that the computed value (Table III, fifth column)
for the decay Ac ~pK is in good agreement with exper-
imental value (0.43+0.13 X 10 ' MeV), and that of
A,+ —+ A~+ is larger than the observed value (0.11
+0.04 X 10 ' Me V).

Since 20" dominance does not give good results, we in-
clude the 84 part of the weak nonleptonic Hamiltonian.
For the 84 representation, CP invariance (2.7b), the
nonexotic intermediate states (2.9b), (2.11b), and s-u-
channel symmetry (2.12b) forbid decays to occur through
the s and u channels. However, t-channel contributions
through terms involving coefficients bi and b3 in (2.5) are
allowed. In the presence of 84, the relations (3.1)—(3.4),
(3.6)—(3.14), (3.16), (3.17), (3.18), (3.20),and (3.21) remain
satisfied. Others [(3.5), (3.15), (3.19), and (3.22)] get
modified to

2&:-'~'I=-' &+2&pI~'IA,' &
= &:-,'~+ I:-,", &+ & A,'& 'I =-,+, &

—
& &,++& 'I:-'+ &+v'3&:-,+~+ I:-

2
(3.29)

2& =-'~+
I
=-,' &

—2&pl~'IA,' &
= &:-', ~+ I=-,+, ' &

—
& A,'I~'I=-;, &+&3&:-;~'I:-;,' &+

2

The charmed decays are given in terms of the uncharmed ones through

2(X,+ E I:-,+, +)+2&2(:-,+m+I:-,+, +) =[(3X+—i 2XO++X:)—i 6A ++12AD]cotg,

&6(&:- sr+ I:-,'+ ) —(pI7 A+
&
—2(:-,'+sr+ I:-++) +2(A+K 'I:-,+, ) )=3(X++2:—v'2XO )cot9,

2+2&:-,+~+ I:-,+, + ) —4(~"E'I =-;,' ) =(Sr—&6aA)cote,

&6&:-'~+ I:-',+ & + & p& 'I A,+ &
—2&:-,'+ ~+ I:-,+, + &

—2 & A,+I~'I:-,+, + &
=3~& cot(9c,

(3.30)

(3.31)

(3.32)

(3.33)

(3.34)

where

b,X=&2XO —X++X:
As in the 20" case, using experimental results of hyperon
decays (Table I), we obtain the parameters

and

bA=A +i 2AO .

a3 =22. 13,
a, = —5.58,
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TABLE III. Charm-baryon decay widths (1 X 10 ' MeV).

C) C2

GIM model
20" H20"+84

15 admixtUre
820"+ 15 H20" + 15+84

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

A,+ —+p +K
A+ 2++~0
A,+~X +q'
A', -A+-
A,'-X'+-
A+ = +K+
=- -X'+E'

:- +++
:-,' ~X++K

A+K
X +E

IO 0+ &0
-~0 -0+ a

+ hue + lT

67.39
75.86
63.85
75.95
75.80
63.14
73.89
81.57
73.89
74.12
73.84
81.62
70.01
81.52

0.147
0.098
0.073
0.116
0.097
0.052
0.100
0.091
0.100
0.120
0.100
0.090
0.069
0.089

871.9
825.9
711.8
863.4
823.8
651.5
857.9
872.0
857.9
899.4
857.9
872.4
763.6
868.5

0.45
2.14
0.45
2.06
2.12
1.92
0.33
0.33
4.16
0.44
3.49
0
0.70
0.33

0.50
2.14
0.45
2.07
2.12
1.92
0.37
0.33
4.31
0.42
3.58
0
0.70
0.33

0.43
0.08
0.02
0.12
0.08
0.07
0.33
0.33
0.15
0.19
0.02
0
0.03
0.33

0.43
0.11
0.02
0.08
0.11
0.10
0.33
0.30
0.21
0.21
0.01
0
0.03
0.30

B(6)~B(8)+P(8)
nQ, ~:-0+a ' 84.16 0.107 980.6 0.04 0.36

B(3) B(8)+P(3*)
Q+~:- +D

+ 0+D+
X +D+

~+ y+ +DQ
:-,+, ~A+D

++ @++D+

70.12
53.74
62.21
62.21
62.69
62.21

0.106
0.067
0.107
0.107
0.124
0.107

1130.0
871.4

1049.3
1049.3
1097.0
1049.3

0
12.40
11.46
23.32
4.37
0

0
12.41
11.46
23.34
4.49
0

0
0.45
0.42
0.85
0.16
0

0
0.60
0.57
1.14
0.22
0

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

cc ~~c
~+ ~I+ ~ Qcc~ c~+ ~l+ ~-cc~ c

116.76
114.85
114.85
103.04
112.13
114.80

0.046
0.042
0.042
0.034
0.051
0.042

1115.0
1049.0
1049.0
948.2

1091.6
1048.6

0.02
0.02
0
0
0.02
0.02

0.30
0
0
0
0.31
0.02

(B3)~B(6)+P(8)

0,+, fL, +++

0, +K+
~cc ~~c
~+ ~+ Q-cc~-c + lT

+ ++~8

~++ ~+ +
lasmlCC + ~C + lT

++ y+++~ 0

114.37
111.05
91.63

108.94
109.00
94.92

105.57
105.74
108.94
105.57

0.031
0.035
0.019
0.031
0.031
0.020
0.037
0.037
0.031
0.036

996.6
1015.6
769.2
950.6
951.1
834.2
971.6
973.1

950.6
971.6

0.30
0.16
0
0.14
0
0
0.16
0
0.14
0.32

0.30
0.06
0
0.14
0
0
0.06
0
0.14
0.12

0
0

0

Input.
~Undetermined.
'g-g' mixing is ignored.
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B. 15 admixture

Next we take the contribution from 20" and 15. Since
the 15 part of the Harniltonian does not contribute to the
charmed decays, the decay amplitude relations
(3.1)—(3.22) remain valid. But because this piece of the
Hamiltonian does contribute to the strange-particle de-
cays, the relations among charmed and uncharmed ones,
(3.23) and (3.26), get modified to

v'2 v'6 CC

=(v 3Xo+ —A +2:-:)cot8 .

The value of the parameter a 3 is reduced to

a3= —4.23 .

(3.35)

In order to determine other parameters, we use
A,+ ~pK as input and get

—4a6+a7 =24.20,
which increases the t-channel contribution. The calculat-
ed values of the decays are given in the seventh column of
Table III. We note that the A,+ —+Am+ decay width is re-
duced and is in better agreement with the experiment
than the GIM model value.

Finally we take the contribution from all three pieces
of the Hamiltonian (2.3). The amplitude relations which
hold are (3.31) and (3.32). The equation (3.35) gets
modified to

8 (r+D'l:-+ &

4
v'2 C CC

( v'2ro+ —r:+ r++ ) —A'
2

+v 2AO+ 2(:-:+v'2:-o) cot8c .

The parameters now become

a3 = —5.05,
—4a4+ a7 =23.68,
b, = —1.40,
b3= —6.26 .

The calculated values are given in the eighth column of
Table III.

a7 =3.24,

bi = —1.40,

b3 = —6.26,
calculate the charmed decay widths, and list the values in
the sixth column of Table III. The agreement is not
much improved. Particularly, the decay rate for
A,+ ~Am+ remains large.

IV. SUMMARY AND DISCUSSION

By treating the weak decay B~B'+P as the process
S +B~B'+P, expressing the decay amplitudes in terms
of the reduced matrix elements in all the s, t, and u chan-
nels, and restricting the intermediate states to be nonex-
otic, we have studied the two-body decays of the charmed
baryons. We first assume the weak Harniltonian to be
20" dominant in the GIM scheme. We find that the cal-
culated values of branching ratio for A& ~A~+ do not
rnatch well with experimental data. The inclusion of the
84 piece of the Hamiltonian does not improve the situa-
tion. Then we introduce a 15 admixture to the 20" piece
of the GIM Hamiltonian. The 15 piece of the weak
Hamiltonian does not contribute to the Cabibbo-
enhanced AC =AS = —1 mode of the charmed baryons,
yet since it contributes to the hyperon decays, the values
of the parameters get modified. The values thus calculat-
ed are in better agreement with experiment than those
calculated with 20" dominance as well as with the
20"+84 Harniltonian. Finally we compute the decay
rates with all the three pieces 15, 20", and 84 of the weak
Hamiltonian. The agreement with experiment is further
improved.
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APPENDIX

Following are the reduced matrix elements for the
B ( —,

' )+ +8 ( —,
' )+ +P (0) '—decays.

& channel: (20'll15llm )(m ll20" ll20'),

m =4*,20I, 202, 36*,60*,140" .

t channel: & 15ll20" llm & & m 1120

m =15I,152,20",45, 45*,175" .

u channel: (20'll20" llm & &m lllsll2O'&,

m =4*,20), 202, 36*,60*,140" .

& 20'll15llm & & m ll84ll2o' &,

m =20,20I 202 36* 60* 140" .

& 15ll84llm ) ( m ll20*ll20'),

m =15,, 152,45, 45*,84, 175 .

u channel: ( 20'
l l 84ll m ) ( m

ll
15

ll
20' ),

m =20,20I, 202, 36*,60*,140" .



178 S. M. SHEIKHOLESLAMI, M. P. KHANNA, AND R. C. VERMA

15.H pT ~

s channel: (20'ff15ffm )(m ff15ff20'),

m =4', 20, 20) ),20', 2, 202„2022, 36*,60*,140" .

t channel: ( 15
f f

15
f f

m ) ( m
f f

20*
f f

20' ),
m = 1,15„,15,2, 152,, 15~2,20",45, 45*,84 .

u channel: ( 20'
f f

15
f f

m ) ( m
f f

15
f f

20' ),
m =4*,20, 20) „20)2,202), 2022, 36*,60*,140" .

'Present address: Department of Physics, Himachal Pradesh
University, Shimla, India.

J. G. Korner, G. Kramer, and J. Willrodt, Z. Phys. C 2, 117
(1979).

F. Hussain and M. D. Scadron, Nuovo Cirnento 79A, 248
(1984).

B. Guberina, D. Tadic, and J. Trampetic, Z. Phys. C 13, 251
(1982).

4D. Ebert and W. Kallies, Phys. Lett. 1318, 183 (1983).
5H. Y. Cheng, Z. Phys. C 29, 453 (1985).
6R. E. Marshak, Riazzudin, and C. P. Ryan, Theory of Weak In

teractions in Particle Physics (Wiley, New York, 1969).
7M. D. Scadron and L. R. Thebaud, Phys. Rev. D 8, 2190

(1973).
8C. Itzykson and M. Jacob, Nuovo Cimento 48A, 655 (1967).
J. F. Donoghue, E. Golowich, and B. R. Holstein, Phys. Rev.

D 12, 2875 (1975); J. F. Donoghue, E. Golowich, W. A.
Ponce, and B.R. Holstein, ibid. 21, 186 (1980).

' H. Galic, D. Tadic, and J. Trampetic, Nucl. Phys. 8152, 306
(1979); D. Tadic and J. Trampetic, Phys. Rev. D 23, 144
(1981).
A. I. Vainshtein, V. I. Zakharov, and M. A. Shifman, Zh.
Eksp. Teor. Fiz. 72, 1275 (1977) [Sov. Phys. JETP 45, 670
(1977)].
M. Bonvin, Nucl. Phys. 8238, 241 (1984)~

R. C. Verma and M. P. Khanna, J. Phys. G 5, 1033 (1979); R.
C. Verma, M. P. Khanna, and M. M. Gupta, Phys. Rev. D
20, 810 (1979).

' J. L. Rosner, Phys. Rev. Lett. 21, 950 (1968); D. P. Roy and
M. Suzuki, Phys. Lett. 288, 558 (1969); H. J. Lipkin, Nucl.
Phys. 89, 349 (1969).

~5Y. Kohara and K. Nishijima, Frog. Theor. Phys. 47, 648
(1972).
S. Nussinov and J. L. Rosner, Phys. Rev. Lett. 23, 126 (1965);
K. Kawarabayashi and S. Kitakodo, ibid. 23, 440 (1965).
Y. Igarashi et al. , Prog. Theor. Phys. Suppl. 83, 177 (1978).

~ R. C. Verma and M. P. Khanna, Phys. Rev. D 21, 812 (1980).
S. Kanwar, R. C. Verma, and M. P. Khanna, Phys. Rev. D 24,
117 (1981).

S. Glashow, J. Iliopoulos, and L. Maiani, Phys. Rev. D 2,
1285 (1970).

z'M. B.Einhorn and C. Quigg, Phys. Rev. D 12, 2015 (1975).
Y. Igarashi and M. Shin-Mura, Nucl. Phys. 8129, 483 (1977);
M. Shin-Mura, Prog. Theor. Phys. 59, 917 (1977).
M. A. Shifman, A. I. Vainshtein, and V. J. Zakharov, Nucl.
Phys. 8120, 315 (1977).
Y. Abe, M. Bando, K. Fujii, and T. Okazaki, Phys. Rev. D 19,
3470 (1979).

Particle Data Group, G. P. Yost et al. , Phys. Lett. B 204, 23
(1988).
A. De Rujula, H. Georgi, and S. L. Glashow, Phys. Rev. D 12,
147 (1975).

J. Ellis, M. K. Gaillard, and D. V. Nanopoulos, Nucl. Phys.
8100, 313 (1975).
J. G. Korner, G. Kramer, and J. Willrodt, Phys. Lett. 788,
492 (1978);Z. Phys. C 2, 117 (1979).
K. Sharma, R. C. Verma, and M. P. Khanna, Phys. Rev. D
21, 1891 (1980).
L. Garren, in proceedings of the Lake Louise Winter Institute,
Canada, 1990 (unpublished); J. C. Anjos et al. , Phys. Rev. D
41, 801 (1990).


