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The nonleptonic decaysLc
1→D11K2,S* 0p1, and J* 0K1 and Vc

0→J0K̄0, V2p1, and J* 0K̄0 are
studied. The dominant contribution for the former decays comes from theW exchange and for the latter decays
theW emission gives the dominant contribution. These decays are especially suitable to determine directly the
scale of W exchange andW emission from the experimental data. We obtaina(Vc

0→J0K̄0'0.35.
@S0556-2821~97!02901-9#

PACS number~s!: 13.30.Eg, 11.40.Ha, 12.39.Jh, 14.20.Lq

With the coming of data on two body hadronic decays of
charmed baryons@1–3# the study of such decays is gaining
considerable attention@4–10#. The meager data available at
present are already begining to distinguish between the vari-
ous theoretical models. The study of hadronic two-body de-
cays of charmed baryons is complicated due to various com-
peting mechanisms, such as factorization, pole terms, and
W-exchange terms, each of which has uncertanities of its
own. It is thus desirable to know the relative strength or
importance of these mechanisms. The purpose of this paper
is to study a class of charmed baryon decays which throws
light on the relative strength ofW-exchange term and the
factorization term.

TheW emission for these decays leads to factorization,
i.e., the contribution to nonleptonic decays comes from the
coupling of the weak transitionBc→B with the pion current.
For this case the relevant matrix elements are

^Buq̄gm~11g5!cuBc&

whereq5s, d, or u quark. On the other hand, theW ex-
change in the nonrelativistic limit gives the effective Hamil-
tonian equation@11#

HW
PC5

GF

A2
VduVcs(

iÞ j
a i

1g j
2~12s i•s j !d

3~r !, ~1!

wherea i
1 converts ad quark into au quark andg j

2 converts
a c quark into ans quark. TheW exchange is relevant when
one considers the baryon-pole contribution~Born terms! to
the p-wave decay amplitude. Such a contribution involves
the matrix elements of the form̂BuHW

PCuBc& which can be
evaluated in the nonrelativistic quark model~NQM! by using
Eq. ~1!. It may also be mentioned that the equal time com-
mutator which contributes to thes-wave decay amplitude
also involves these matrix elements@4,10#.

We should point out that Eq.~1! severely restricts the
stateB or Bc in ^BuHWuBc&. First we note that in the leading
nonrelativistic limit, onlyHW

PC as given in Eq.~1! survives
where it is implicit that an overlap integral in momentum

space for ground state~swave! wave functions is set equal to
unity due to the normalization condition. Thus one can ig-
nore resonancesJP51

2
2, 3

2
2 or other orbital excitations as

they would require at least one power of momentum inHW
in order to connect them with the relevant ground state in the
overlap integral, i.e., one has to go to orderv/c.
Similarly, in order to connect radial excitations with the
corresponding ground state, one would need terms of
order (v/c)2; otherwise the overlap integral would be
zero due to orthogonality of the wave functions. Thus we
are left with the matrix elements involvings-wave ground

state of the form̂ 8,12
1uHW

PCu3̄, 12 1& and ^10,32
1uHW

PCu3̄, 12 1&
for the s-channel baryon pole and̂10,32

1uHW
PCu6,12 1& and

^10,32
1uHW

PCu6,32 1& for the u channel baryon pole contribu-
tions to Lc

1 decay. Now the spin wave functions of

u3̄, 12 1&, u6,12 1& and u6,32 1& are respectively
xMA5(1/A2)u(↑↓2↓↑)↑&, xMS5(1/A6)u2(↑↓1↓↑)↑
12↑↑↓&, xS5(1/A3)u↑↑↓1(↑↓1↓↑)↑&. It is easy to see
that (12s i•s j )xS50 for i , j51,3 or 2,3~3 refers to thec
quark! since the two particle spin state in each case is a spin
triplet for which s i•s j51, e.g., (12s2•s3)xS5(1/A3)(1
2s2•s3)u↑(↑↓1↓↑)1↓↑↑&50. Further (12s i•s j ) act-
ing onxMA andxMS cannot generatexS . In fact

~12s2•s3!xMA5A2u↑~↓↑2↑↓ !&,

~12s2•s3!xMS5A6u↑~↓↑2↑↓ !&

@and similarly for (12s1•s3) #, which when projected on to
xS , gives zero. Thus all the above matrix elements are zero

except^8,12
1uHW

PCu3̄, 12 1&, which gives rise toS1 pole in s
channel forLc

1 decay.
For the purpose already stated, we study the nonleptonic

decays ofLc
1 and Vc

0 into B*P, whereP represents the
pseudoscalar octet andB* is a member of spin32

1 decuplet.
In addition we also discuss the decayVc

0→J0K̄0. These
decays are interesting because for the decays
Lc

1→D11K2,S* 0p1,J* 0K1, as already seen the domi-
nant contribution comes from thes-channel baryon pole
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S1, whereas for the decaysVc
0→V2p1,J* 0K̄0,J0K̄0, the

factorization contributes. Thus in these decays, it is possible
to determine the scale ofW-exchange andW-emission con-
tributions directly from the experimental data. It may be
noted thatVc

0 is the only stable baryon against strong and
electromagnetic interactions in the sextet representation of
charmed baryons.

For the decay of the typeBc(p8)→B* (p)1P(q), the
decay amplitude can be expressed as

T5
1

~2p!9/2
A m8m*

2q0p0p08

ql

FP
ūl~p!@C1Dg5#u~p8! ~2!

where ul is the Rarita-Schwinger spinor,u is the Dirac
spinor, andq5p2p8. It is clear thatC is the parity-
conserving (p wave! amplitude andD is the parity-violating
(d wave! amplitude.FP is the pseudoscalar meson decay
constant (Fp 5 132 MeV!, which is introduced here so as to
make the amplitudesC andD dimensionless. The decay rate
is given by

G5
1

6p

m8upu3

m* 2FP
2 @~p01m* !uCu21~p02m* !uDu2#. ~3!

The polarizationa is given by

a5
2upuReCD*

~p01m* !uCu21~p02m* !uDu2
. ~4!

Since neither the factorization nor the baryon pole can gen-
erated-wave transition@at least in the naive quark model
~NQM!#, the amplitudeD50. Hencea50. This is in accor-
dance with the two-particle nonleptonic decays ofV2 , for
which the experimental value ofa is zero.

SinceLc
1 belongs to the triplet representation of SU~3!,

the matrix element

^B* uq̄gm~11g5!cuLc
1&50. ~5!

Thus the factorization does not contribute to the decays
Lc

1→D11K2, S* 0p1, J* 0K1. The dominant contributa-
tion to these decays comes from theS1 pole i.e., from the
chainLc

1→S1→D11K2, S* 0p1, or J* 0K1. Hence the
decay amplitudeC for these decays is given by

C5~A6,21,2A2!g*
^S1uHW

PCuLc
1&

mLc
2mS

~6!

where the factors multiplyingg* are given by SU~3!. It fol-
lows that

G~Lc
1→J* 0K1!

G~Lc
1→D11K2!

5
1

3
~phase space factor!

'0.07 ~7!

and

G~Lc
1→S* 0p1!

G~Lc
1→D11K2!

'
1

6 S FK

Fp
D 2 ~phase space factor!

'0.23. ~8!

The experimental branching ratios are given by@1# and @3#:

B~Lc
1→D11K2!5~0.760.4!%, ~9a!

B~Lc
1→J* 0K1!5~0.260.1!%. ~9b!

The improved experimental data can test Eqs.~7! and ~8!,
which are independent of the scale.

We now calculate the decay rateG(Lc
1→D11K2). For

this evaluation we needg* and the matrix element
^S1uHW

PCuLc
1&. From SU~3! and the experimental value for

the decay widthG(D11→pp1)'120 MeV , we find
A6g*'2.09. On the other hand, the weak matrix element
^S1uHW

PCuLc
1& on using Eq.~1! is given by@11#

^S1uHW
PCuLc

1&5FGF

A2
VduVcsGA2d8 ~10!

where@12#

d85^C0ud3~r !uC0&5
3~mD2mN!mcu

2

8pas
'531023 GeV3.

~11!

For the numerical value ofd8 we have usedas50.5,
mu50.340 MeV,mc51520 MeV, mcu5mcmu /(mc1mu)
'278 MeV andmD2mN'293 MeV. From Eqs.~3!, ~6!,
~10!, and~11!, using the above value forg* , we find

G~Lc
1→D11K2!'0.4631011 s21 ~12!

so that

B~Lc
1→D11K2!'0.931022 ~13!

to be compared with the experimental value given in Eq.
~9a!.

Let us now consider the decayVc
0→J0K̄0. For this de-

cay, the factorization gives for thes-wave andp-wave am-
plitudesA andB, the contributions

Afact52FGF

A2
VudVcsGC2~mVc

2mJ!gV
Vc2J

~q2!FK ,

Bfact5FGF

A2
VudVcsGC2~mVc

1mJ!gA
Vc2J

~q2!FK ~14!

where

C25
C12C2

2
, C150.7 andC251.93.

In the NQM @13#, one obtains
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gV
Vc2J

~0![gV
Vc2J

52
1

A3
,

~15!

gA
Vc2J

~0![gA
Vc2J

5
1

3A3
.

For p wave,Jc
0 andJ8c

0 baryon poles also contribute. This
contribution is given by

Bpole5FgVcK
0J

c
0
^J0uHW

PCuJc
0&

~mJ
c
02mJ0!

1gVcK
0J

c8
0
^J

0
uHW

PCuJc8
0&

~mJ
c8
02mJ0! G .

~16!

Now PCAC ~partial conservation of axial vector current!
gives

gVcK
0J

c
05~mVc

1mJ!
gA
FK

, ~17!

gVcK
0J

c8
05~mVc

1mJ8!
gA8

FK
. ~18!

In the NQM, one obtains@13#

gA52
2A2
A3

, gA85
2A2
3

. ~19!

Also using Eq.~1!, we find

^J0uHW
PCuJc

0&5
GF

A2
VudVcs~2A2d8!,

^J0uHW
PCuJc8

0&5
GF

A2
VudVcs~2A6d8!. ~20!

Hence in the symmetry limit, i.e.,mJ
c
05mJ8c

0, Bpole van-

ishes. Thus we ignore the pole contributation. Neglecting the
q2 dependence (q252mK

2 ) of the form factorsgV
Vc2J and

gA
Vc2J we obtain, from Eq.~14!, usingmVc

52701 MeV,

G~Vc
0→J0K̄0!'0.5431011 s21, a50.35. ~21!

Note that the value ofa is independent of the scale.
For the decayVc

0→V2p1, neithers channel noru chan-
nel pole contributes. The factorization contribution is given
by

D fact5FGF

A2
VudVcsGC1@D1V

Vc2V
~q2!1•••#Fp

2 ,

Cfact5FGF

A2
VudVcsGC1@D1A

Vc2V
~q2!1•••#Fp

2 ,

C15
C11C2

2
, ~22!

where the ellipses denote the contribution of other form fac-
tors. In the NQM, one obtains@13#

^V2us̄gmg5cuVc
0&'D1A

Vc2V
~0!5D1A

Vc2V
52

2A2
3

,

~23!

^V2us̄gmcuVc
0&'DV

Vc2V
~0!50. ~24!

For the decayVc
0→J* 0K̄0, replaceFp by FK , C1 byC2 ,

mV by mJ* , andD1A by 22A2/3A3. Theu-channel poles
can contribute to this decay, but since

^J* 0uHW
PCuJc

0 ,Jc8
0&50

as obtained from Eq.~1!, their contribution is zero. Hence

G~Vc
0→J* 0K̄0!

G~Vc
0→V2p1!

5
1

3 S FK

Fp
D 2SC2

C1
D 2 ~phase space factor!

'0.13. ~25!

On the other hand, we obtain

G~Vc
0→J* 0K̄0!

G~Vc
0→J0K̄0!

'0.6, ~26!

G~Vc
0→V2p1!

G~Vc
0→J0K̄0!

'4. ~27!

To conclude, theW emission in the decayVc
0→J0K̄0

gives a50.35 independent of the scale. The scale can be
fixed from its decay width whenVc

0 lifetime is measured
experimentally with accuracy. The recent experimental value
@14# for the lifetime istV

c
0555211

113~stat! 223
118~syst!310215 s.

Taking tV
c
05(502100)310215 s, we find the following

branching ratios B(Vc
0→J0K̄0)'(0.320.5)31022 and

B(Vc
0→V2p1)'(1.222)31022. However, in the factor-

ization contribution, the form of the form factors can change
this contribution. These decays are especially suitable for
studying these effects. On the other hand, theW exchange
gives the dominant contribution to the decays
Lc

1→D11K2,S* 0p1,J* 0K1. Here we find

B~Lc
1→D11K2!50.93102

and

B~Lc
1→J* 0K1!/B~Lc

1→D11K2!50.07.

More accurate experimental data on these decays will im-
prove our understanding ofW-exchange contribution to the
nonleptonic decays of charmed baryons.
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