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We study the two-body and three-body charmful baryonicB decaysB̄0→Lcp̄ and B̄→Lcp̄ p(r). The

factorizableW-exchange contribution toB̄0→Lcp̄ is negligible. Applying the bag model to evaluate the

baryon-to-baryon weak transition matrix element, we findB(B̄0→Lcp̄)&1.131025ugB0pS
b
1 /6u2 with gB0pS

b
1

being a strong coupling for the decaySb
1→B̄0p and hence the predicted branching ratio is well below the

current experimental limit. The factorizable contributions toB2→Lcp̄p2 can account for the observed

branching ratio of order 631024. The branching ratio forB2→Lcp̄r2 is larger than that ofB2→Lcp̄p2 by
a factor of about 2.6. We explain why the three-body charmful baryonicB decay has a larger rate than the
two-body one, contrary to the case of mesonicB decays.

DOI: 10.1103/PhysRevD.65.054028 PACS number~s!: 13.25.Hw, 14.20.Lq, 14.20.Pt
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I. INTRODUCTION

Inspired by the claim of the observation of the dec

modespp̄p6 and pp̄p1p2 in B decays by ARGUS@1# in
the late 1980s, baryonicB decays were studied extensive
around the early 1990s@2–13# with the focus on the two-

body decay modes, e.g.,B→pp̄, LL̄. Up to now, none of
the two-body baryonicB decays have been observed. Inde
most of the earlier predictions based on the pole mode
QCD sum rule or the diquark model are too large compa
to experiment@14,15# ~see Table I!.

In order to understand why the momentum spectrum
producedLc in inclusiveB decays is soft and why the two
body decay modes, e.g.,B̄→$Lc ,Sc%$ p̄,D̄%, have not been
observed, Dunietz@16# argued that a straightforward Dalit
plot for the dominantb→cūd transition predicts thec d in-
variant mass to be very large. The very massivec d q objects
would be usually seen asLcnp(n>1) if the c d forms a
charmed baryon. This explains the observed softLc momen-
tum spectrum and the nonobservation ofLcp̄ decay. Since
the very massivec d q could also be seen asD (* )NX, the
baryonic processesB̄→D (* )NN̄8X would be likely sizable.
Indeed, CLEO has recently reported the observation ofB0

→D* 2pn̄ at the 1023 level and B0→D* 2pp̄p1 at the
1024 level @17#. Theoretically, the three-body decay mod
B→D* 2NN̄ andB0→r2(p2)pn̄ have been recently stud
ied in @18,19#.

A similar observation has been made by Hou and S
@20#. They pointed out that the smallness of the two-bo
baryonic decayB→B1B̄2 has to do with the large energ
release. They conjectured that in order to have larger b
onic B decays, one has to reduce the energy release an
the same time allow for baryonic ingredients to be presen
the final state. Under this argument, the three-body deca
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for example,B→rpn̄—will dominate over the two-body
modeB→pp̄ since the ejectedr meson in the former deca
carries away much energy and the configuration is more
vorable for baryon production because of reduced ene
release compared to the latter@19#. This is in contrast to the
mesonicB decays where two-body decay rates are usu
comparable to the three-body modes. The large rate ofB0

→D* 2pn̄ and B0→D* 2pp̄p1 observed by CLEO indi-
cates that the decaysB→ baryons receive comparable co
tributions fromB̄→Lcp̄X andB̄→@D#NN̄8X, where@D# de-
notes any charmed meson. By the same token, it is expe
that for charmless baryonicB decays,B̄→r(p)B1B̄2 are the
dominant modes induced by tree operators andB̄

→(p,h8,r)B1(s)B̄2, e.g., B̄→rL p̄, are the leading mode
induced by penguin diagrams.

In this work we focus on charmful baryonic decaysB̄

→Lcp̄X. The experimental results are summarized as@21#

B~B2→Lcp̄p2!5~6.262.7!31024,

B~B̄0→Lcp̄p0!,5.931024,

B~B̄0→Lcp̄p1p2!5~1.360.6!31023,

B~B2→Lcp̄p2p0!,3.1231023, ~1.1!

together with the upper limitB(B̄0→Lcp̄),2.131024. It is
evident that the two-body mode is suppressed. Specific
we shall studyB̄0→Lcp̄ andB2→Lcp̄p2(r2) in detail in
order to understand their underlying decay mechanism. It
been advocated that theB decay toLcp̄1p ’s is suppressed
relative toLcp̄ @10#. We shall see that this is not the case
©2002 The American Physical Society28-1
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TABLE I. Predictions of branching ratios for some two-body baryonicB decays in various models. W
have normalized the branching ratios touVub /Vcbu50.085. The predictions given in@11# are carried out in
two different quark-pair-creation models: local and nonlocal. Experimental limits are taken from@14,15#.

@11#
@3# @7# @9# @10# Nonlocal Local Experiment

B̄0→Lcp̄ 431024 8.531024 1.131023 1.731023 1.931023 ,2.131024

B̄0→pp̄ 4.231026 1.231026 5.931026 7.031026 2.931026 2.731025 ,1.631026

B̄0→LL̄ 3.031026 1.231026 2.331025 ,2.331026

B2→D̄22p 1.531024 2.931027 3.231024 7.231027 8.731026 ,1.531024
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The layout of the present paper is organized as follows
Sec. II we first study the two-body charmful decayB̄0

→Lcp̄ to update the prediction of its branching ratio. W
then turn to the three-body decaysB̄→Lcp̄p(r) in Sec. III.
A detail of the MIT bag model for the evaluation of baryo
to-baryon weak transition matrix elements is presented in
Appendix.

II. TWO-BODY CHARMFUL BARYONIC DECAY B̄0\Lcp̄

We first study the two-body baryonic decayB̄0→Lc p̄ to
update its prediction and understand why it is suppres
compared to three-body modes. To proceed, we first w
down the relevant Hamiltonian

Heff5
GF

A2
VcbVud* @c1~m!O1~m!1c2~m!O2~m!#1H.c.,

~2.1!

where O15( c̄b)(d̄u) and O25( c̄u)(d̄b) with (q̄1q2)
[q̄1gm(12g5)q2. In order to ensure that the physical am
plitude is renormalization scale andg5-scheme independen
we include vertex corrections to hadronic matrix elemen
This amounts to modifying the Wilson coefficients by@22#

c1~m!→c1
eff5c1~m!1

as

4p S g (0)Tln
mb

m
1 r̂ TD

1i

ci~m!,

c2~m!→c2
eff5c2~m!1

as

4pS g (0)Tln
mb

m
1 r̂ TD

2i

ci~m!,

~2.2!

where the anomalous dimension matrixg (0) and the constan
matrix r̂ in the naive dimensional regularization and
Hooft–Veltman schemes can be found in@22#. The super-
script T in Eq. ~2.2! denotes a transpose of the matrix. N
merically we havec1

eff51.168 andc2
eff520.365 @22#. It

should be stressed thatc1
eff andc2

eff are renormalization scal
and scheme independent.1 For later purposes we write

1For the mesonic decayB→M1M2 with two mesons in the fina
state, two of the four quarks involving in the vertex diagrams w
form an ejected meson. In this case, it is necessary to take
account the convolution with the ejected meson wave function.
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Heff5
GF

A2
VcbVud* @c1O11c2O2#1H.c., ~2.3!

with O65O16O2 andc65 1
2 (c1

eff6c2
eff).

The decay amplitude ofB̄0→Lc p̄ consists of factorizable
and nonfactorizable parts:

A~B̄0→Lc p̄!5A~B̄0→Lc p̄! fact1A~B̄0→Lc p̄!nonfact,

~2.4!

with

A~B̄0→Lc p̄! fact5
GF

A2
VcbVud* a2^Lcp̄u~ c̄u!u0&^0u~ d̄b!uB̄0&,

~2.5!

where a25c2
eff1c1

eff/Nc . The short-distance factorizabl
contribution is nothing but theW-exchange diagram. This
W-exchange contribution has been estimated and is foun
be very small and hence can be neglected@5,13#. However, a
direct evaluation of nonfactorizable contributions is very d
ficult. This is the case in particular for baryons, which, bei
made out of three quarks, in contrast to two quarks for m
sons, bring along several essential complications. In orde
circumvent this difficulty, it is customary to assume that t
nonfactorizable effect is dominated by the pole diagram w
low-lying baryon intermediate states; that is, nonfactoriza
s- and p-wave amplitudes are dominated by1

2
2 low-lying

baryon resonances and12
1 ground-state intermediate state

respectively@10#. For B̄0→Lc p̄, we consider the strong
interaction processB̄0→Sb

1(* ) p̄ followed by the weak tran-
sition Sb

1(* )→Lc , whereSb* is a 1
2

2 baryon resonance~see
Fig. 1!. Considering the strong coupling

igBpSb
c̄Sb

g5cpfB1gBpS
b*
c̄S

b*
cpfB , ~2.6!

the pole-diagram amplitude has the form

A~B̄0→Lcp̄!nonfact5ūLc
~A1Bg5!vp , ~2.7!

where

l
to
8-2
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A52
gB0pS

b
1* bS

b* Lc

mLc
2mS

b*
, B5

gB0pS
b
1aSbLc

mLc
2mSb

~2.8!

correspond tos-wave parity-violating ~PV! and p-wave
parity-conserving~PC! amplitudes, respectively, and

^LcuHeff
PCuSb

1&5ūLc
aSbLc

uSb
,

^LcuHeff
PVuSb*

1&5 i ūLc
bS

b* Lc
uS

b*
. ~2.9!

The main task is to evaluate the weak matrix elements
the strong-coupling constants. We shall employ the MIT b
model@23# to evaluate the baryon matrix elements~see, e.g.,
@24,25# for the method!. Since the quark-model wave func
tions best resemble the hadronic states in the frame w
both baryons are static, we thus adopt the static bag app
mation for the calculation. Note that because the four-qu
operatorO1 is symmetric in color indices, it does not con
tribute to the baryon-baryon matrix element since
baryon-color wave function is totally antisymmetric. Fro
Eq. ~2.3! and the Appendix we obtain the PC matrix eleme

aSbLc
52

GF

A2
VcbVud* c2

4

A6
~X113X2!~4p!, ~2.10!

where

X15E
0

R

r 2dr@uc~r !vu~r !2vc~r !uu~r !#

3@ud~r !vb~r !2vd~r !ub~r !#,

X25E
0

R

r 2dr@uc~r !uu~r !1vc~r !vu~r !#

3@ud~r !ub~r !1vd~r !vb~r !# ~2.11!

are four-quark overlap bag integrals~see the Appendix for
notation!. In principle, one can also follow@24# to tackle the
low-lying negative-paritySb* state in the bag model an

FIG. 1. Some pole diagrams forB̄0→Lcp̄ where the symbold
denotes the weak vertex.~a! corresponds to nonfactorizable intern
W emission, while~b! to theW-exchange contribution.
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evaluate the PV matrix elementbS
c* Lc

.2 However, it is

known that the bag model is less successful even for
physical noncharm and nonbottom12

2 resonances@23#, not
mentioning the charm or bottom12

2 resonances. In short, w
know very little about the1

2
2 state. Therefore, we will no

evaluate the PV matrix elementbS
b* Lc

as its calculation in

the bag model is much more involved and is far more unc
tain than the PC one@24#.

Using the bag wave functions given in the Appendix, w
find, numerically,

X1521.4931025 GeV3, X251.8131024 GeV3.
~2.12!

The decay rate ofB→B1B̄2 is given by

G~B→B1B̄2!

5
pc

4p H uAu2
~mB1m11m2!2pc

2

~E11m1!~E21m2!mB
2

1uBu2
@~E11m1!~E21m2!1pc

2#2

~E11m1!~E21m2!mB
2 J , ~2.13!

where pc is the c.m. momentum, andEi and mi are the
energy and mass of the baryonBi , respectively. Putting ev-
erything together we obtain

B~B̄0→Lcp̄!PC57.231026UgB0pS
b
1

6
U2

. ~2.14!

The PV contribution is expected to be smaller. For examp
it is found to beGPV/GPC50.59 in @10#. Therefore, we con-
clude that

B~B̄0→Lcp̄!&1.131025UgB0pS
b
1

6
U2

. ~2.15!

The strong couplinggB0pS
b
1 has been estimated in@10# using

the quark-pair-creation model and it is found to lie in t
rangegB0pS

b
152(6 –10), recalling thatgpNN'14. We shall

see in Sec. III A that the measurement ofB2→Lcp̄p2 can
be used to extract the couplinggB1pLb

which in turn pro-

vides information ongB0pS
b
1. At any rate, the prediction

~2.15! is consistent with the current experimental limit 2
31024 @21#. Note that all earlier predictions based on t
QCD sum rule@7# or the pole model@10# or the diquark
model @11# are too large compared to experiment~see Table
I!. In the pole-model calculation in@10#, the weak matrix
element is largely overestimated.

2In the bag model the low-lying negative-parity baryon states
made of two quarks in the ground 1S1/2 eigenstate and one quar
excited to 1P1/2 or 1P3/2. Consequently, the evaluation of the P

matrix element for1
2

2- 1
2

1 baryonic transitions becomes much in
volved owing to the presence of 1P1/2 and 1P3/2 bag states.
8-3
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III. THREE-BODY CHARMFUL BARYONIC DECAYS

A. BÀ\Lcp̄pÀ

The quark diagrams and the corresponding pole diagr
for B2→Lcp̄p2 are shown in Fig. 2. There exist two dis
tinct internalW emissions and only one of them is factori
able, namely, Fig. 2~b!. The externalW emission diagram,
Fig. 2~a!, is of course factorizable. Therefore, unlike the tw
body decayB̄0→Lcp̄, the three-body modeB2→Lcp̄p2

does receive sizable factorizable contributions:

A~B2→Lcp̄p2! fact

5
GF

A2
VcbVud* $a1^p

2u~ d̄u!u0&^Lcp̄u~ c̄b!uB2&

1a2^p
2u~ d̄b!uB2&^Lcp̄u~ c̄u!u0&%[A11A2 ,

~3.1!

where naivelya15c1
eff1c2

eff/Nc and a25c2
eff1c1

eff/Nc , to
which we will come back later. Unfortunately, in practice w
do not know how to evaluate the three-body hadronic ma

FIG. 2. Some pole diagrams forB2→Lcp̄p2 where the symbol
d denotes the weak vertex.~a! and ~b! correspond to factorizable
external and internalW-emission contributions, respectively, whi
~c! to nonfactorizable internalW-emission diagrams. There are tw
pole diagrams corresponding to the quark diagram in~c!.
05402
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element^Lcp̄u( c̄b)uB2&. Thus we will instead evaluate th
corresponding low-lying pole diagrams for externalW emis-
sion, namely, the strong processB2→Lb

(* )p̄, followed by
the weak decayLb

(* )→Lcp
2 @see Fig. 2~a!#. Its amplitude is

given by

A152
GF

A2
VudVcb* gB1pLb

f p a1 ūLc
$ f 1

LbLc~mp
2 !@2pp•pLc

1p” p~mLb
2mLc

!#g51g1
LbLc~mp

2 !@2pp•pLc
2p” p~mLb

1mLc
!#%v p̄

1

~pLc
1pp!22mLb

2
, ~3.2!

where we have applied factorization to the weak decayLb
→Lcp and employed the form factors defined by

^Lc
1~pLc

!u~ c̄b!uLb
0~pLb

!&

5ūLcH f 1
LbLc~pp

2 !gm1 i
f 2

LbLc~pp
2 !

mLb

smnpp
n

1
f 3

LbLc~pp
2 !

mLb

ppm2Fg1
LbLc~pp

2 !gm

1 i
g2

LbLc~pp
2 !

mLb

smnpp
n 1

g3
LbLc~pp

2 !

mLb

ppmGg5J uLb
,

~3.3!

where pp5pLb
2pLc

. Note that the1
2

2 intermediate state

Lb* makes no contribution as the matrix eleme

^Lcu( c̄b)uLb* & vanishes. Likewise, the intermediate stat
Sb

0 andSb
0* also do not contribute toA1 under the factoriza-

tion approximation because the weak transiti

^Lcu( c̄b)uSb
0(* )& is prohibited asSb andSb* are sextet bot-

tom baryons whereasLc is an antitriplet charmed baryon.
To evaluate the factorizable amplitudeA2, as shown in

Fig. 2~b!, we apply the parametrization for theB2p matrix
element,

^p2~pp!u~ d̄b!uB2~pB!&

5F1
Bp~q2!~pB1pp!m1@F0

Bp~q2!

2F1
Bp~q2!#

mB
22mp

2

q2 qm , ~3.4!

and obtain

A25
GF

A2
VudVcb* a2ūLc

@~ap” p1b!2~cp” p1d!g5#vp ,

~3.5!

where

a52 f 1
Lcp

~ t !F1
Bp~ t !12 f 2

Lcp
~ t !F1

Bp~ t !~mLc
1mp!/mLc

,

8-4
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b5~mLc
2mp! f 1

Lcp
~ t !FF1

Bp~ t !1@F0
Bp~ t !

2F1
Bp~ t !#

mB
22mp

2

t G22 f 2
Lcp

~ t !F1
Bp~ t !~pLc

2pp!•pp /mLc
1 f 3

Lcp
~ t !F0

Bp~ t !~mB
22mp

2 !/mLc
,

c52g1
Lcp

~ t !F1
Bp~ t !12g2

Lcp
~ t !F1

Bp~ t !~mLc
2mp!/mLc

,

d5~mLc
1mp!g1

Lcp
~ t !FF1

Bp~ t !1@F0
Bp~ t !

2F1
Bp~ t !#

mB
22mp

2

t G22g2
Lcp

~ t !F1
Bp~ t !~pLc

2pp!•pp /mLc
1g3

Lcp
~ t !F0

Bp~ t !~mB
22mp

2 !/mLc
,

~3.6!

and t[q25(pB2pp)25(pLc
1pp)2.

The form factorsf i and gi for the heavy-to-heavy and
heavy-to-light baryonic transitions at zero recoil have be
computed using the nonrelativistic quark model@26#. In prin-
ciple, heavy quark effective theory~HQET! puts some con-
straints on these form factors. However, it is clear that HQ
is not adequate for our purposes: the predictive power
HQET for the baryon form factors at order 1/mQ is limited
only to the antitriplet-to-antitriplet heavy baryonic transitio
Hence, we will follow@26# to apply the nonrelativistic quark
model to evaluate the weak current-induced baryon form
tors at zero recoil in the rest frame of the heavy par
baryon, where the quark model is most trustworthy. T
quark-model approach has the merit that it is applicable
heavy-to-heavy and heavy-to-light baryonic transitions
maximum q2 and that it becomes meaningful to consid
1/mq corrections as long as the recoil momentum is sma
than themq scale. It has been shown in@26# that the quark-
model predictions agree with HQET for the antitriplet-t
antitriplet ~e.g., Lb→Lc , Jb→Jc) form factors to order
1/mQ . For sextetSb→Sc and Vb→Vc transitions, the
quark-model results are also in accord with the HQET p
dictions ~for details see@27#!. Numerically we have@27#

f 1
LbLc~qm

2 !5g1
LbLc~qm

2 !51.02,

f 2
LbLc~qm

2 !5g3
LbLc~qm

2 !520.23,

f 3
LbLc~qm

2 !5g2
LbLc~qm

2 !520.03, ~3.7!

for the Lb-Lc transition at zero recoilqm
2 5(mLb

2mLc
)2,

and @26#

f 1
Lcp

~qm
2 !5g1

Lcp
~qm

2 !50.80,

f 2
Lcp

~qm
2 !5g3

Lcp
~qm

2 !520.21,
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f 3
Lcp

~qm
2 !5g2

Lcp
~qm

2 !520.07, ~3.8!

for the Lc-p transition atqm
2 5(mLc

2mp)2.

Since the calculation for theq2 dependence of form fac
tors is beyond the scope of the nonrelativistic quark mod
we will follow the conventional practice to assume a po
dominance for the form factorq2 behavior:

f ~q2!5 f ~qm
2 !S 12qm

2 /mV
2

12q2/mV
2 D n

,

g~q2!5g~qm
2 !S 12qm

2 /mA
2

12q2/mA
2 D n

, ~3.9!

wheremV (mA) is the pole mass of the vector~axial-vector!
meson with the same quantum number as the current u
consideration. The function

G~q2!5S 12qm
2 /mpole

2

12q2/mpole
2 D n

~3.10!

plays the role of the baryon Isgur-Wise functionz(v) for the
LQ→LQ8 transition, namely,G51 atq25qm

2 . The function
z(v) has been calculated in the literature in various differ
models @28–33#. Using the pole massesmV56.34 GeV,
mA56.73 GeV for theLb→Lc transition, it is found that
G(q2) is consistent with the earlier soliton-model@28# and
MIT-bag-model @29# calculation of z(v) for n52 @26#.
However, a recent calculation ofz(v) in @33# yields

z~v!5S 2

11v D 1.2310.4/v

~3.11!

and this favorsn51. Therefore, whether theq2 dependence
is monopole or dipole for heavy-to-heavy transitions is n
clear. Hence we shall use both monopole and dipole dep
dences in the ensuing calculations. Moreover, one sho
bear in mind that theq2 behavior of form factors is probably
more complicated and it is likely that a simple pole dom
nance only applies to a certainq2 region, especially for the
heavy-to-light transition. For theLc-p transition, we will use
the pole massesmV52.01 GeV andmA52.42 GeV, and as-
sume dipoleq2 dependence.

For the form factorsF0,1
Bp(q2) we consider the recently

proposed Melikhov-Stech~MS! model based on the constitu
ent quark picture@34#. Although the form factorq2 depen-
dence is in general model dependent, it should be stre
that F1

Bp(q2) increases withq2 more rapidly thanF0
Bp(q2)

as required by heavy quark symmetry. We shall see be
that the predicted decay rates are insensitive to the choic
form-factor models.

Thus far we have only discussed factorizable contrib
tions. The nonfactorizable effects are conventionally e
mated by evaluating the corresponding pole diagrams.
processes
8-5
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B2→p21B̄* 0

� p̄1Lc ,

B2→Lc1D̄22

� p̄1p2 ~3.12!

are some examples of the pole diagrams shown in Figs.~c!
and 2~d!; they correspond to nonfactorizable internalW
emission. Presumably these nonfactorizable contributi
will affect the parametera2 substantially.

The total decay rate for the processB2(pB)→Lc(p1)
1 p̄(p2)1p2(p3) is computed by

G5
1

~2p!3

1

32mB
3E uAu2dm12

2 dm23
2 , ~3.13!

or

G5
1

~2p!3

1

16mB
2E uAu2dEpdm23

2 , ~3.14!

whereEp is the energy of the outgoing pion, andmi j
2 5(pi

1pj )
2 with p35pp . For a givenEp , the range ofm23

2 is
fixed by kinematics. Under naive factorization, the parame
a2 appearing in Eq.~3.1! is numerically equal to 0.024
which is very small compared to the value ofa250.40
20.55 extracted fromB̄0→D0(* )p0 decays@35# and ua2u
50.2660.02 in B→J/cK decay@36#. As stated before,a2
may receive sizable contributions from nonfactorizable p
diagrams Figs. 2~c! and 2~d!. Therefore, we will treata2 as a
free parameter and takea250.30 as an illustration. Fo
strong-coupling constants a simple quark-pair-creat
model yields~see Appendix C of@10# for detail!

ugB1pLb
u53A3/2ugB0pS

b
1u. ~3.15!

Hence, the strong-coupling constantugB1pLb
u is much larger

than ugB0pS
b
1u. Putting everything together we obtain, n

merically,

B~B2→Lcp̄p2!

5H ~10.0r 210.0420.8r !31024 for n51,

~5.5r 210.0420.6r !31024 for n52,

5H 9.231024 for n51 and gB1pLb
516,

4.931024 for n52 and gB1pLb
516,

~3.16!

where r 5gB1pLb
/18 and the first two lines show explicitl

the contributions from externalW emission, internalW emis-
sion, and their interference, respectively. We find that
externalW emission and internalW emission contribute de
structively ~constructively! if the baryonic form factorq2

dependence is of dipole~monopole! form. From Eq.~3.16!
we find that the strong-coupling constantgB1pLb

in the vi-
05402
s

r

e

n

e

cinity of order 18 can accommodate the observed branch
ratio of B2→Lcp̄p2 @see Eq.~1.1!#. It follows from Eq.
~3.15! that ugB0pS

b
1u;4.3, which is close to the model esti

mate of 6 –10 given in@10#. It is likely that the quark-pair-
creation-model calculation of strong couplings is more re
able for their ratios than their absolute values.

We have checked explicitly that the results are fairly
sensitive to the choice ofB2p form factors. For example
we have computed the branching ratios using the two dif
ent form-factor models given in@37# and found that the dif-
ference in rates is at most at the level of 5%.

Evidently, the calculated branching ratios are in agr
ment with experiment~1.1!. There are several reasons wh
the three-body decay rate ofB2→Lcp̄p2 is larger than that
of the two-body oneB̄0→Lcp̄. ~i! The former decay receive
external and internalW-emission contributions, whereas th
color-suppressed factorizableW-exchange contribution to the
latter is greatly suppressed.~ii ! At the pole-diagram level, the
Sb propagator in the pole amplitude for the latter is of ord
1/(mb

22mc
2), while the invariant mass of the (Lcp̄) system

can be large enough in the former decay so that its propa
tor in the pole diagram is not subject to the same 1/mb

2 sup-
pression.~iii ! The strong-coupling constant forLb→B2p is
larger than that forSb

1→B̄0p.

B. BÀ\Lcp̄rÀ

Naively it is expected thatLcp̄r2 has a larger rate than
Lcp̄p2 due to the three polarization states for ther meson.
The calculation forB2→Lc p̄ r2 is the same as that fo
B2→Lc p̄ p2 except that two of the matrix elements a
replaced by

^r2u~ d̄u!u0&5 f rmr«m* ~3.17!

and

^r2u~ d̄b!uB2&5
2

mB1mr
emnab«* npB

apr
bVBr~q2!

2 i H ~mB1mr!«m* A1
Br~q2!2

«* •pB

mB1mr

3~pB1pr!mA2
Br~q2!22mr

«* •pB

q2

3qm@A3
Br~q2!2A0

Br~q2!#J , ~3.18!

whereq5pB2pr5pLc
1pp and

A3
Br~q2!5

mB1mr

2mr
A1

Br~q2!2
mB2mr

2mr
A2

Br~q2!.

~3.19!
8-6
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Obviously the calculation is much more involved owing
the presence of the four form factorsV, A0 , A1, and A2
compared to the pion case where there are only two fo
factorsF0 andF1.

A straightforward but tedious calculation yields

B~B2→Lc p̄ r2!

5H ~2.6r 210.0220.3r !31023 for n51,

~1.5r 210.0220.2r !31023 for n52,

5H 2.331023 for n51 and gB1pLb
516,

1.331023 for n52 and gB1pLb
516,

~3.20!

where we have used the decay constantf r5216 MeV and
the MS model@34# for the B-r form factors. As in the pre-
vious case, the contributions from externalW emission, in-
ternalW emission, and their interference are shown explic
in the first two lines of the above equation. Again we ha
checked explicitly that the predictions are insensitive to
form-factor models for theB-r transition. Note that the pre
dicted branching ratio is consistent with the current limit
B2→Lcp̄p2p0 @see Eq.~1.1!#. The ratio

G~B2→Lc p̄ r2!

G~B2→Lc p̄ p2!
53.6 ~3.21!

for n51 or 2 is independent of the strong couplinggB1pLc

and hence its prediction should be more trustworthy. Exp
mentally it is important to search for theB decay intoLcp̄r2

and have a refined measurement ofLcp̄p2 in order to un-
derstand their underlying decay mechanism.

IV. CONCLUSIONS

We have studied the two-body and three-body charm
baryonic B decaysB̄0→Lcp̄ and B2→Lcp̄p2(r2). The
factorizableW-exchange contribution toB̄0→Lcp̄ is negli-
gible. Applying the bag model to evaluate the weakSb-Lc

transition, we find B(B̄0→Lcp̄)&1.131025ugB0pS
b
1 /6u2

with gB0pS
b
1 being a strong coupling for the decaySb

1

→B̄0p and the predicted branching ratio is well below t
current experimental limit 2.131024. Contrary to the two-
body mode, the three-body decayB2→Lcp̄p2 receives fac-
torizable external and internalW-emission contributions. The
externalW-emission amplitude involves a three-body ha
ronic matrix element that cannot be evaluated directly.
stead we consider the corresponding pole diagram that m
ics the externalW emission at the quark level. It is found th
the factorizable contributions toB2→Lcp̄p2 can account
for the observed branching ratio of order 631024. The
strong couplingugB1pLb

u is extracted to be of order 16

which in turn impliesugB0pS
b
1u;4.3 under the quark-pair

creation model assumption. The decay rate ofB2→Lcp̄r2
05402
m

e
e

i-

l

-
-
-

is larger than that ofB2→Lcp̄p2 by a factor of 2.6. We
have shown and explained why the three-body charm
baryonicB decay in general has a larger rate than the tw
body one.

Finally, our present study is ready to generalize to ot
charmful baryonic B decays, e.g., B→LcD̄,ScN̄, B

→LcD̄p(r), ScN̄p(r), . . . , etc. Experimentally it would
be interesting and important to measure these hadronic
cays.

ACKNOWLEDGMENTS

One of us~H.Y.C.! wishes to thank Physics Departmen
Brookhaven National Laboratory and C.N. Yang Institute
Theoretical Physics at SUNY Stony Brook for their hospit
ity. This work was supported in part by the National Scien
Council of R.O.C. under Grants Nos. NSC90-2112-M-00
047 and NSC90-2112-M-033-004.

APPENDIX

In this appendix we evaluate the baryon matrix eleme
in the MIT bag model@23#. In this model the quark spatia
wave function is given by

cS1/2
5

N21

~4pR3!1/2S i j 0~xr/R!x

2Ae j 1~xr/R!sW • r̂x
D

[S iu~r !x

v~r !sW • r̂x
D ~A1!

for the quark in the ground (1S1/2) state, wherej 0 and j 1 are
spherical Bessel functions. The normalization factor read

N215
x2

@2v~v21!1mR#1/2sinx
, ~A2!

wheree5(v2mR)/(v1mR), andx5(v22m2R2)1/2 for a
quark of massm existing within a bag of radiusR in modev.
For convenience, we have dropped in Eq.~A2! the subscript
21 for x,v and R. The eigenvaluex is determined by the
transcendental equation

tanx5
x

12mR2~x21m2R2!1/2
. ~A3!

In terms of the large and small componentsu(r ) andv(r ) of
the 1S1/2 quark wave function, the matrix elements of th
two-quark operatorsVm(x)5q̄8gmq and Am(x)5q̄8gmg5q
are given by
8-7
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^q8uV0uq&5u8u1v8v,

^q8uA0uq&52 i ~u8v2v8u!sW • r̂ ,

^q8uVW uq&52~u8v1v8u!sW 3 r̂ 2 i ~u8v2v8u! r̂ ,

^q8uAW uq&5~u8u2v8v !sW 12v8v r̂sW • r̂ . ~A4!

The four-quark operatorsO15( c̄b)(d̄u) and O25( c̄u)
3(d̄b) can be written asO1(x)56(c̄b)1(d̄u)2 and O2

56(c̄u)1(d̄b)2, where the subscripti on the right-hand side
of O1,2 indicates that the quark operator acts only on thei th
quark in the baryon wave function. It follows from Eq.~A4!
that the PC matrix elements have the form

E r 2dr^q18q28u~ c̄b!1~ d̄u!2uq1q2&

5~2X11X2!2
1

3
~X113X2!sW 1•sW 2 ,

E r 2dr^q18q28u~ d̄b!1~ c̄u!2uq1q2&

5~X11X2!2
1

3
~2X113X2!sW 1•sW 2 , ~A5!

where the bag integrals are defined in Eq.~2.11! and use has
been made of

E dV r̂ i r̂ j5
d i j

3 E dV, ~A6!

and those terms odd inr̂ have been dropped since they va
ish after spatial integration. Note that we have applied
isospin symmetry on the quark wave functions—name
ud(r )5uu(r ) andvd(r )5vu(r )—to derive Eq.~A5!.

We also need the spin-flavor wave functions of the ba
ons involved such as

Lc
1↑5

1

A6
@~cud2cdu!xA1~12!1~13!#,

Sb
1↑5

1

A3
@buuxs1~12!1~13!#,
t.

05402
e
,

-

p1↑5
1

A3
@duuxs1~12!1~13!#, ~A7!

where abcxs5(2a↓b↑c↑2a↑b↑c↓2a↑b↓c↑)/A6, abcxA

5(a↑b↑c↓2a↑b↓c↑)/A2, and (i j ) means permutation fo
the quark in placei with the quark in placej. Applying Eq.
~A7! yields

^Lc
1↑ub1c

† b1bb2d
† b2uuSb

1↑&50,

^Lc
1↑ub1c

† b1bb2d
† b2u~sW 1•sW 2!uSb

1↑&5
1

A6
,

^Lc
1↑ub1c

† b1ub2d
† b2buSb

1↑&5
1

2A6
,

^Lc
1↑ub1c

† b1ub2d
† b2b~sW 1•sW 2!uSb

1↑&52
1

2A6
.

~A8!

In the above equationb1q8
† (b1q) denotes a quark creatio

~destruction! operator acting on the first quark in the baryo
wave function. It is easily seen that̂Lc

1uO1uSb
1&5

2^Lc
1uO2uSb

1& and hencêLc
1uO1uSb

1&50, as it should be.
The PC matrix element in Eq.~2.10!,

^Lc
1uO2

PCuSb
1&52

4

A6
~X113X2!~4p!, ~A9!

then follows from Eqs.~A5! and ~A8!.
For numerical estimates of the bag integralsX1 and X2,

we use the bag parameters

mu5md50, ms50.279 GeV, mc51.551 GeV,

mb55.0 GeV,

xu52.043, xs52.488, xc52.948, xb53.079,

R55.0 GeV21. ~A10!
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