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Charmless two body hadronic decays of theLb baryon
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Using a theoretical framework based on the next-to-leading order QCD improved effective Hamiltonian, we
have estimated the branching ratios and asymmetry parameters for the two body charmless nonleptonic decay
modes of theLb baryon, i.e.,Lb→p(p/r), p(K/K* ), and L(p/r), within the framework of generalized
factorization. The nonfactorizable contributions are parametrized in terms of the effective number of colors,
Nc

e f f . So, in addition to the naive factorization approach (Nc
e f f53), here we have taken two more values for

Nc
e f f ; i.e.,Nc

e f f52 and`. The baryonic form factors at maximum momentum transfer (qm
2 ) are evaluated using

the nonrelativistic quark model and the extrapolation of the form factors fromqm
2 to the requiredq2 value is

done by assuming pole dominance. The obtained branching ratios forLb→pp, pK processes lie within the
present experimental upper limit.

DOI: 10.1103/PhysRevD.63.074001 PACS number~s!: 14.20.Mr, 12.39.Jh, 13.30.Eg
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I. INTRODUCTION

The principal interest in the study of weak decays of b
tom hadrons in the context of the standard model~SM! lies
in the fact that they provide valuable information on t
weak rotation matrix—the Cabibbo-Kobayashi-Maska
~CKM! matrix. In factb decays determine five of its matri
elements:Vcb , Vub , Vtd , Vts , andVtd . The dominant decay
modes of bottom hadrons are those involvingb→c transi-
tions. There are also rare decay modes which proc
through the CKM suppressedb→u spectator tree diagram
and/or b→s(b→d) penguin amplitudes with, in genera
both QCD and electroweak penguin diagrams participat
The study of exclusive charmless nonleptonic bottom dec
is of great interest for several reasons. First of all, they p
ceed in general through theW-loop diagrams, the so-calle
penguin diagrams without CKM suppression and through
CKM suppressed spectator diagrams. Thus the salient fea
in charmless bottom decays is that the loop graphs ar
important as the tree graphs. In some cases the loop gr
may even be dominant over the tree graphs. Furthermore
most of these decays proceed through more than one am
tude with different CKM phases, there will in general b
interference, and so there is an opportunity to observe di
CP violation. Hence the analysis and measurement
charmless hadronicb decays will enable us to understand t
QCD and electroweak penguin effects as well as the origin
CP violation in the standard model and provide a power
tool of seeing physics beyond the SM.

Recently, there has been remarkable progress in the s
of exclusive charmless bottom meson decays both exp
mentally and theoretically. Experimentally, CLEO@1# has
discovered many new two body decay modes

B→h8K6, h8K0, p6K7, p0K6, r0p6,vK6

~1!

and found possible evidence forB→fK* . Moreover, CLEO
has provided new improved upper limits for many other d
cay modes. WithB factories Babar and Belle starting to co
lect data, many exciting years in the arena ofB physics and
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CP violation are expected to come. Theoretically many s
nificant improvements and developments have taken p
over the past years. For example, a next-to-leading o
effective Hamiltonian for current-current operators and QC
as well as electroweak penguin operators have become a
able. The renormalization scheme and scale problems
the factorization approach for matrix elements can be
cumvented by employing scale- and scheme-indepen
Wilson coefficients. Incorporating all these improved resu
the exclusive two body charmless hadronic decays ofB me-
sons and theirCP asymmetries have been extensively stu
ied in Refs.@2–6#.

It is also interesting to study the charmless nonlepto
decays of the bottom baryon system. Recently some dat
the bottom baryonLb have appeared. For instance, OPA
has measured its lifetime and the production branching r
for inclusive semileptonic decay@7#. Furthermore, measure
ments of the nonleptonic decayLb→LJ/c have also been
reported@8#. Certainly we expect more data in the botto
baryon sector in the near future.

In this paper we would like to study the charmless ha
ronic decays of theLb baryon, i.e.,Lb→p(p/r), p(K/K* ),
andLb→L(p/r). Experimentally, only upper limits on the
branching ratios for rareLb decay modesLb→pp andLb
→pK have been observed@9#. The standard theoretica
framework to study the nonleptonicLb decays is based on
the effective Hamiltonian approach, which allows us to se
rate the short- and long-distance contributions in these
cays using the Wilson operator product expansion@10#. QCD
perturbation theory is then used in deriving th
renormalization-group improved short-distance contributio
@11#. This program has now been carried out up to and
cluding next-to-leading order terms@12,13#. But the long-
distance part in the two body decaysBi→BfM @where
Bi(Bf) are the initial~final! baryons andM is the final pseu-
doscalar or vector meson# involves the transition matrix ele
ment ^BfM uOi uBi&, whereOi is an operator in the effective
Hamiltonian. Calculation of these matrix elements from fi
principles is not yet possible and hence some approxima
has to be adopted to deal with these matrix elements.
©2001 The American Physical Society01-1



hi
on

n
an
tio

rth

ri
re
to

as
d

ry
-
bo
th
v
o

e
n
-
t
m
ffe
oi
d
e

hy
u
a
ffi
tr

ec

ni
p
r

e-
er

-
,

or
ram-

-

R. MOHANTA, A. K. GIRI, AND M. P. KHANNA PHYSICAL REVIEW D 63 074001
one we use here is based on the idea of factorization in w
the final state interactions have to be absent and hadr
matrix elements in theBi→BfM transition factorize into a
product of two comparatively tractable matrix elements, o
involving the form factors and the other, the decay const
Motivated by the phenomenological success of factoriza
in charmless nonleptonicB decays@2–6#, we would like to
pursue this framework for charmlessLb decays. It is custom-
arily argued that final state interactions~FSIs! are expected
to play a minor role in charmless hadronicb decays due to
the large energy release in these decay processes. Fu
more, in the nonleptonic decays of heavy mesons, theW
exchange contribution is known to be negligible in compa
son to the factorizable one due to helicity and color supp
sion. But theW exchange in baryon decays is not subject
helicity and color suppression and can be as important
factorizable one. The experimental measurement of the
cay modesLc→S0p1, S1p2, andLc→J0K1, which do
not receive any factorizable contributions, indicates thatW
exchange indeed plays an essential role in charmed ba
decays. Nevertheless, theW-exchange contribution is ex
pected to be less important in the nonleptonic decays of
tom baryons as shown by the following arguments:
W-exchange contribution to the total decay width of hea
baryon relative to the spectator diagram is of the order
P532p2ucQq(0)u2/mQ

3 @14#. Therefore, althoughW ex-
change plays a dramatic role in the charmed baryon cas
becomes negligible in bottom baryon decays. So we have
taken into account theW-exchange contribution in our analy
sis. The renormalization scheme and scale problems with
factorization approach for matrix elements can be circu
vented by employing scale- and scheme-independent e
tive Wilson coefficients. The form factors at maximum rec
have been calculated using the nonrelativistic quark mo
@15# and the nearest pole dominance has been used to
trapolate them to the requiredq2 point.

The paper is organized as follows. The kinematics of
peron decays is presented in Sec. II. In Sec. III we disc
the effective Hamiltonian together with the quark level m
trix elements and the numerical values of the Wilson coe
cients. Using the factorization ansatz we evaluate the ma
elements in the nonrelativistic quark model in Sec. IV. S
tion V contains our results and discussion.

II. KINEMATICS OF HYPERON DECAYS

In this section we present the kinematics of nonlepto
hyperon decays. The most general Lorentz-invariant am
tude for the decayLb→Bf P ~where P is a pseudoscala
meson! can be written as

M~Lb→Bf P!5 i ū f~pf !~A1Bg5!uLb
~pi !, ~2!

whereuf anduLb
are the Dirac spinors forBf andLb bary-

ons; A and B are parity-violating S-wave and parity-
conserving P-wave amplitudes, respectively. The corr
sponding decay rate (G) and up-down asymmetry paramet
are given as@16,17#
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G5
pc

8p H ~mi1mf !
22mP

2

mi
2

uAu21
~mi2mf !

22mP
2

mi
2

uBu2J ,

a52
2k Re~A* B!

uAu21k2uBu2
, ~3!

wheremi , mf , and mP are the masses of the initial bary
on, final baryon, and pseudoscalar meson respectivelypc
is the c.m. momentum, and k5pc /(Ef1mf)
5A(Ef2mf)/(Ef1mf).

For theLb→BfV ~whereV is the vector meson! decay
mode, the general form for the amplitude is given as

M~Lb→BfV!5ūf~pf !e* m@A1gmg51A2~pf !mg51B1gm

1B2~pf !m#uLb
~pi !, ~4!

where em is the polarization vector of the emitted vect
meson. The corresponding decay rate and asymmetry pa
eter are given as@17#

G5
pc

8p

Ef1mf

mi
H 2~ uSu21uP2u2!1

EV
2

mV
2 ~ uS1Du21uP1u2!J ,

a5
4mV

2Re@~S* P2!12EV
2Re@~S1D !* P1#

2mV
2~ uSu21uP2u2!1EV

2~ uS1Du21uP1u2!
, ~5!

with

S52A1 ,

D52
pc

2

EV~Ef1mf !
~A12miA2!,

P152
pc

EV
S mi1mf

Ef1mf
B11miB2D ,

P25
pc

Ef1mf
B1 . ~6!

III. EFFECTIVE HAMILTONIAN

The effective HamiltonianHe f f for the hadronic charm-
lessLb decays is given as

He f f 5
GF

A2
H VubVuq* @c1~m!O1

u~m!1c2~m!O2
u~m!#

2VtbVtq* (
i 53

10

ci~m!Oi~m!J 1H.c., ~7!

whereq5d,s and ci(m) are the Wilson coefficients evalu
ated at the renormalization scalem. The operatorsO1210 are
given as
1-2
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O1
u5~ ūb!V2A~ q̄u!V2A , O2

u5~ ūabb!V2A~ q̄bua!V2A ,

O3(5)5~ q̄b!V2A(
q8

~ q̄8q8!V2A(V1A) ,

O4(6)5~ q̄abb!V2A(
q8

~ q̄b8qa8 !V2A(V1A) ,

O7(9)5
3

2
~ q̄b!V2A(

q8
eq8~ q̄8q8!V1A(V2A) ,

O8(10)5
3

2
~ q̄abb!V2A(

q8
eq8~ q̄b8qa8 !V1A(V2A) , ~8!

whereO1,2 are the tree-level current-current operators,O326
are the QCD, andO7210 are the electroweak penguin oper
tors. (q̄1q2)(V6A) denote the usual (V6A) currents. The sum
overq8 runs over the quark fields that are active at the sc
m5O(mb), i.e., (q8Pu,d,s,c,b). The Wilson coefficients
depend~in general! in the renormalization scheme and th
scalem at which they are evaluated. In the next to leadi
order their values obtained in the naive dimensional regu
ization ~NDR! scheme atm5mb(mb) as @18#

c151.082, c2520.185, c350.014, c4520.035,

c550.009, c6520.041, c7520.002a, c850.054a,

c9521.292a, c1050.263a. ~9!

However, the physical matrix elements^BfM uHe f fuLb& are
obviously independent of both the scheme and scale. He
the dependence in the Wilson coefficients must be canc
by the corresponding scheme and scale dependence o
matrix elements of the operators. However, in the factori
tion approximation, the hadronic matrix elements are writ
in terms of form factors and decay constants which
scheme and scale independent. So to achieve cancellatio
various one loop corrections are absorbed into the effec
Wilson coefficientsci

e f f , which are scheme and scale ind
pendent: i.e.,

^qūuuHe f fub&5(
i , j

ci
e f f~m!^qūuuOj ub& tree. ~10!

The effective Wilson coefficientsci
e f f(m) may be expressed

as @2–6#

c1
e f fum5mb

5c1~m!1
as

4p S g (0)Tln
mb

m
1 r̂ TD

1i

ci~m!, ~11!

c2
e f fum5mb

5c2~m!1
as

4p S g (0)Tln
mb

m
1 r̂ TD

2i

ci~m!,
07400
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c3
e f fum5mb

5c3~m!1
as

4p S g (0)Tln
mb

m
1 r̂ TD

3i

ci~m!

2
as

24p
~Ct1Cp1Cg!,

c4
e f fum5mb

5c4~m!1
as

4p S g (0)Tln
mb

m
1 r̂ TD

4i

ci~m!

1
as

8p
~Ct1Cp1Cg!,

c5
e f fum5mb

5c5~m!1
as

4p S g (0)Tln
mb

m
1 r̂ TD

5i

ci~m!

2
as

24p
~Ct1Cp1Cg!,

c6
e f fum5mb

5c6~m!1
as

4p S g (0)Tln
mb

m
1 r̂ TD

6i

ci~m!

1
as

8p
~Ct1Cp1Cg!,

c7
e f fum5mb

5c7~m!1
as

4p S g (0)Tln
mb

m
1 r̂ TD

7i

ci~m!1
a

8p
Ce ,

c8
e f fum5mb

5c8~m!1
as

4p S g (0)Tln
mb

m
1 r̂ TD

8i

ci~m!,

c9
e f fum5mb

5c9~m!1
as

4p S g (0)Tln
mb

m
1 r̂ TD

9i

ci~m!1
a

8p
Ce ,

c10
e f fum5mb

5c10~m!1
as

4p S g (0)Tln
mb

m
1 r̂ TD

10i

ci~m!,

where r̂ T and g (0)T are the transpose of the matricesr̂ and
g (0) arise from the vertex corrections to the operato
O1–O10 derived in @13#, which are explicitly given in Ref.
@6#

The quantitiesCt , Cp , and Cg arise from the penguin-
type diagrams of the operatorsO1,2, the penguin-type dia-
grams of the operatorsO3–O6, and the tree level diagram
of the dipole operatorOg , respectively, which are given in
the NDR scheme@after modified minimal subtraction schem
(MS) renormalization# by

Ct52S lu

l t
G̃~mu!1

lc

l t
G̃~mc! D c1 , ~12!

Cp5@G̃~mq!1G̃~mb!#c3

1 (
i 5u,d,s,c,b

G̃~mi !~c41c6!,
1-3
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Cg52
2mb

A^k2&
cg

e f f , cg
e f f521.043,

Ce52
8

9 S lu

l t
G̃~mu!1

lc

l t
G̃~mc! D ~c113c2!,

G̃~mq!5
2

3
2G~mq ,k,m!,

G~m,k,m!524E
0

1

dx x~12x!lnS m22k2x~12x!

m2 D . ~13!

It should be noted that the quantitiesCt , Cp, and Cg
depend on the CKM matrix elements, the quark masses
scale m and k2, the momentum transferred by the virtu
particles appearing in the penguin diagrams. In the factor
tion approximation there is no model-independent way
keep track of thek2 dependence; the actual value ofk2 is
model dependent. From the simple kinematics of charm
nonleptonicB decays@19# one expectsk2 to be typically in
the range

mb
2

4
<k2<

mb
2

2
. ~14!

Since the branching ratios depend crucially on the par
eterk2, here we would like to take a specific value for it fro
the above-mentioned range. Here we will use for the t
body penguin induced decaysLb→BfM as done for the
charmlessB→PP decays@20#. Assuming that in the res
frame of theLb baryon the spectator diquarks both in t
initial and final baryons have negligible momentum and
momentum is shared equally between the two quarks of
emitted meson, the average momentum transfer fob

→quū transitions@q5d for Lb→p(p/r) andq5s for Lb
→p(K/K* ) andL(p/r) transitions# is given as

^k2&5mb
21mq

222mbEq . ~15!

The energyEq of the q quark in the final meson is dete
mined from

Eq1AEq
22mq

21mu
21A4~Eq

22mq
2!1mu

25mb , ~16!

wheremb , mq , andmu denote the masses of the decayingb

quark, daughterq quark, and theu quark created as auū pair
from the virtual gluon, photon, orZ particle in the penguin
loop.

For numerical calculation we have taken the CKM mat
elements expressed in terms of the Wolfenstein parame
with the valuesA50.815,l5sinuc50.2205,r50.175, and
h50.37 @6#. Using the mass renormalization equations w
three loopb function, the values of the current quark mass
are evaluated at various energy scales in Ref.@21#. Since the
energy released in the decay modeLb→pp2 is of the order
of mb , we take the current quark mass values at the s
m;mb from @21# as mu(mb)53.2 MeV, md(mb)
07400
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56.4 MeV, ms(mb)590 MeV, mc(mb)50.95 GeV, and
mb(mb)54.34 GeV. Thus we obtaink2/mb

250.5 for b

→duū transitions andk2/mb
250.499 forb→suū transitions.

Using these values ofk2 the estimated values of the effectiv
renormalization scheme and scale independent Wilson c
ficients forb→d andb→s transitions are given in Table I.

IV. EVALUATION OF THE MATRIX ELEMENTS

After obtaining the effective Wilson coefficients now w
want to calculate the matrix element^BfM uOi uLb& whereOi
are the four quark current operators listed in Eq.~8!, using
the factorization approximation. In this approximation, t
hadronic matrix elements of the four quark operato
(ūb)(V2A)(q̄u)(V2A) is split into the product of two matrix
elements,̂ M u(q̄u)(V2A)u0& and ^Bf u(ūb)(V2A)uLb&, where
Fierz transformation has been used so that the flavor qu
tum numbers of the currents match those of the hadro
Since Fierz rearranging yields operators which are in
color singlet-singlet and octet-octet forms, this procedure
sults, in general, in matrix elements which have the rig
flavor quantum numbers but involve both singlet-singlet a
octet-octet current operators. However, there is no exp
mental information available for the octet-octet part. So
the factorization approximation, one discards the color oc
octet piece and compensates this by treatingNc , the number
of colors, as a free parameter, and its value is extracted f
the data of two body nonleptonic decays.

The matrix elements of the (V2A)(V1A) operators, i.e.,
(O6 and O8), can be calculated as follows. After Fierz o
dering and factorization they contribute as@22#

^BfM uO6uLb&522(
q8

^M uq̄~11g5!q8u0&

3^Bf uq̄8~12g5!buLb&. ~17!

Using the Dirac equation the matrix element can be rewrit
as

TABLE I. Numerical values of the effective Wilson coefficien
ci

e f f for b→s andb→d transitions evaluated atk2/mb
250.499 for

b→s and atk2/mb
250.5 for theb→d processes.

b→s b→d

c1
e f f 1.168 1.168

c2
e f f 20.365 20.365

c3
e f f 0.02251i0.0043 0.02241i0.0038

c4
e f f 2(0.04671 i0.0129) 2(0.04541 i0.0115)

c5
e f f 0.01331i0.0043 0.01311i0.0038

c6
e f f 2(0.04811 i0.0129) 2(0.04751 i0.0115)

c7
e f f/a 2(0.02991 i0.0356) 2(0.02941 i0.0329)

c8
e f f/a 0.055 0.055

c9
e f f/a 2(1.42681 i0.0356) 2(1.4261 i0.0329)

c10
e f f/a 0.48 0.48
1-4
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TABLE II. Values of the form factors at zero momentum transfer evaluated using the nonrelati
quark model

Decay process f 1(0) mi f 2(0) mi f 3(0) g1(0) mig2(0) mig3(0)

Lb→p 0.043 20.022 20.009 0.092 20.02 20.047
Lb→L 0.061 20.025 20.008 0.107 20.014 20.043
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^BfM uO6uLb&52@R1^Bf uVmuLb&

2R2^Bf uAmuLb&#^M u~V2A!mu0&, ~18!

with

R15
2mM

2

~mb2mu!~mq1mu!
, R25

2mM
2

~mb1mu!~mq1mu!
,

~19!

where the quark masses are the current quark masses
same relation works forO8.

Thus under the factorization approximation the bary
decay amplitude is governed by a decay constant and b
onic transition form factors. The general expression for
baryon transition is given as

^Bf~pf !uVm2AmuLb~pi !&

5ūBf
~pf !$ f 1~q2!gm1 i f 2~q2!smnqn1 f 3~q2!qm

2@g1~q2!gm1 ig2~q2!smnqn1g3~q2!qm#g5%uLb
~pi !,

~20!

where q5pi2pf . In order to evaluate the form factors
maximum momentum transfer, we have employed the n
relativistic quark model@15#, where they are given as

f 1~qm
2 !/Nf i512

Dm

2mi
1

Dm

4mimq
S 12

Lb

2mf
D ~mi1mf2hDm!

2
Dm

8mimf

L̄

mQ
~mi1mf2hDm!,

f 3~qm
2 !/Nf i5

1

2mi
2

1

4mimf
~mi1mf2hDm!

2
L̄

8mimfmQ
@~mi1mf !h1Dm#,

g1~qm
2 !/Nf i5h1

DmL̄

4 S 1

mimq
2

1

mfmQ
Dh,

g3~qm
2 !/Nf i52

L̄

4 S 1

mimq
2

1

mfmQ
Dh, ~21!

with L̄5mf2mq , Dm5mi2mf , qm
2 5Dm2, h51, andmQ

and mq are the constituent quark masses of the interac
quarks of initial and final baryons with valuesmu
07400
he

n
ry-
e

n-

g

5338 MeV, md5322 MeV, ms5510 MeV, and mb
55 GeV. Nf i is the flavor factor:

Nf i5flavor spin̂ pubu
†bbuLb&flavor spin, ~22!

which is equal to 1/A2 for Lb→p and 1/A3 for Lb→L
transitions@17#. Since the calculation of theq2 dependence
of the form factors is beyond the scope of the nonrelativis
quark model, we will follow the conventional practice t
assume a pole dominance for the form factorq2 behavior as

f ~q2!5
f ~0!

~12q2/mV
2 !2

, g~q2!5
g~0!

~12q2/mA
2 !2

, ~23!

wheremV (mA) is the pole mass of the vector~axial vector!
meson with the same quantum number as the current u
consideration. The pole masses are taken asmV
55.32 (5.42) GeV and mA55.71 (5.86) GeV for b
→d (b→s) transitions@17#. Assuming a dipoleq2 behavior
for form factors and taking the masses of the particles fr
Ref. @9#, the obtained values of the form factors at zero m
mentum transfer are given in Table II.

The matrix element̂M u(V2A)mu0& is related to the de-
cay constants of the charged pseudoscalar and vector me
f P and f V as

^0uAmuP~q!&5 i f Pqm , ^0uAmuV~e,q!&5 f VmVem . ~24!

The decay constants for the neutral mesons~i.e., p0 andr0)
are taken to be 1/A2 times that of the corresponding charg
mesons. Thus we obtain the transition amplitudes for vari
Lb→Bf P decay modes as given below.

A. Lb\BfP transitions

1. Lb\ppÀ

Since in this case the final state has isospinI f53/2,1/2 we
haveDI 53/2 and 1/2. From the flavor-flow topologies fo
b→duū transitions, we find that the isospin decompositi
of the effective Hamiltonian is as follows: the tree diagram
haveDI 53/2,1/2, the QCD penguinsDI 51/2, and the elec-
troweak penguinsDI 53/2,1/2 components. Hence both tre
and penguin diagrams~QCD as well as the electroweak pe
guin diagrams! contribute to this channel and hence the a
plitude is given as
1-5
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M~Lb→pp2!

5 i
GF

A2
f pūp~pf !„$VubVud* a12VtbVtd*

3@a41a101~a61a8!R1#%@ f 1~mp
2 !~mi2mf !

1 f 3~mp
2 !mp

2 #1$VubVud* a12VtbVtd* @a41a10

1~a61a8!R2#%@g1~mp
2 !~mi1mf !

2g3~mp
2 !mp

2 #g5…uLb
~pi !. ~25!

2. Lb\pKÀ

It can be seen from the flavor-flow topologies forb

→suū transitions that the effective Hamiltonian has isosp
components such as the tree diagram withDI 51,0, QCD
penguin diagrams withDI 50, and electroweak penguin dia
grams withDI 51,0 components. Since the final state (pK)
has isospin 1 and 0, we haveDI 51,0 for this process. Thu
we find that tree and QCD as well as the electroweak p
guin diagrams will contribute to this channel and we obt
the amplitude as

M~Lb→pK2!5 i
GF

A2
f Kūp~pf !„$VubVus* a12VtbVts*

3@a41a101~a61a8!R1#%@ f 1~mK
2 !

3~mi2mf !1 f 3~mK
2 !mK

2 #1$VubVus* a1

2VtbVts* @a41a101~a61a8!R2#%

3@g1~mK
2 !~mi1mf !

2g3~mK
2 !mK

2 #g5…uLb
~pi !. ~26!

3. Lb\Lp0

For Lb→Lp0 we have onlyDI 51 and from the flavor-
flow diagrams forb→suū processes, we find that only th
tree and electroweak penguin diagrams will contribute to
channel:

M~Lb→Lp0!

5 i
GF

2
f pūL~pf !FVubVus* a22VtbVts* S 3

2
~a92a7! D G

3$@ f 1~mp
2 !~mi2mf !1 f 3~mp

2 !mp
2 #

1@g1~mp
2 !~mi1mf !2g3~mp

2 !mp
2 #g5%uLb

~pi !. ~27!

B. Lb\BfV transitions

Here we obtain the transition amplitudes forLb→BfV
decay channels. As seen from the flavor-flow diagrams
Lb→Bf P processes, in this case also theLb→pr andpK*
07400
n-

is

r

receive contributions from tree as well as QCD and el
troweak penguins diagrams whereasLb→Lr has only tree
and electroweak penguin contributions. Thus we obtain
corresponding transition amplitudes as follows.

1. Lb\prÀ

M~Lb→pr2!

5
GF

A2
f rmre* mūp~pf !

3†@VubVud* a12VtbVtd* ~a41a10!#„@ f 1~mr
2!2 f 2~mr

2!

3~mi1mf !#gm12 f 2~mr
2!~pf !m2$@g1~mr

2!1g2~mr
2!

3~mi2mf !#gm12g2~mr
2!~pf !m%g5…‡uLb

~pi !. ~28!

2. Lb\pK* À

M~Lb→pK* 2!

5
GF

A2
f K* mK* e* mūp~pf !†@VubVus* a12VtbVts*

3~a41a10!#„@ f 1~mK*
2

!2f2~mK*
2

!~mi1mf !#gm

12f2~mK*
2

!~pf !m2$@g1~mK*
2

!1g2~mK*
2

!

3~mi2mf !#gm12g2~mK*
2

!~pf !m%g5…‡uLb
~pi !.

~29!

3. Lb\Lr0

_M~Lb→Lr0!

5
GF

2
f rmre* mūL~pf !

3F H VubVus* a22VtbVts* S 3

2
~a71a9! D J „@ f 1~mr

2!

2 f 2~mr
2!~mi1mf !#gm12 f 2~mr

2!~pf !m

2$@g1~mr
2!1g2~mr

2!~mi2mf !#gm

12g2~mr
2!~pf !m%g5…GuLb

~pi !. ~30!

The coefficientsa1 ,a2 , . . . ,a10 are combinations of the
effective Wilson coefficients given as

a2i 215c2i 21
e f f 1

1

~Nc
e f f!

c2i
e f f , a2i5c2i

e f f1
1

~Nc
e f f!

c2i 21
e f f ,

i 51,2, . . . 5, ~31!
1-6
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TABLE III. Branching ratios for various charmlessLb→BfM decay modes.

Decay processes Nc
e f f52 Nc

e f f53 Nc
e f f5` Expt. @9#

Lb→pp2 8.5231027 9.2931027 11.5731027 ,531025

Lb→pK2 1.3831026 1.5431026 1.8731026 ,531025

Lb→Lp0 1.231028 1.5831028 3.2231028 -
Lb→pr2 1.2231026 1.3831026 1.5531026 -
Lb→pK* 2 2.9931027 2.7131027 4.07531027 -
Lb→Lr0 1.9331028 2.5231028 5.131028
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whereNc
e f f is the effective number of colors. The terms

Eq. ~31! are proportional toj51/Nc
e f f originating from Fierz

rearranging of the operatorsOi to produce quark currents t
match the quark content of the hadrons in the initial and fi
states after adopting the factorization approximation. T
well-known procedure results in general in matrix eleme
with the right flavor quantum number but involves both co
singlet-singlet and color octet-octet operators. In the na
factorization approximation one discards the color oc
octet operators. This amounts to havingNc

e f f53. To com-
pensate for these neglected octet-octet and other nonfa
izing contributions one treatsj51/Nc

e f f in Eq. ~31! as a
phenomenological free parameter. To maintain the predic
power, it is assumed thatj is universal~i.e., process inde-
pendent! for classes of decays sharing similar kinemati
This treatment is known as the ‘‘generalized factorizat
hypothesis.’’ In the literature, it has often been assumed
the same effective parameterNc

e f f can be used to account fo
nonfactorizable contributions to the matrix elements of
the operators in the effective weak Hamiltonian@2–4# or that
two parametersNc

e f f(LL) andNc
e f f(LR), referring to the op-

erators with structure (V2A)(V2A) and (V2A)(V1A),
respectively, would suffice to account for these dec
@5,6,23#. A recent analysis ofB→Dp data givesNc

e f f;2
@23#. Analyzing a number of measured two body charmle
nonleptonicB decays Ali and Greub@2# have obtained the
range as 2<Nc

e f f<`. On the other hand, Mannel and Ro
erts@24# have usedNc

e f f5` to study the nonleptonic decay
of Lb baryons. So in order to have an idea about the ma
tude of the branching ratios, here we have taken three se
values, i.e., 2, 3, and̀ , for the effective number of colors. In
theory j can be obtained by calculating the octet-octet a
other nonfactorizing contributions and can in principle
different for all operators. It was also recently shown in t
QCD factorization approach by Benekeet al. @25# thatj is in
general operator and channel dependent. Since we
takenNc

e f f to be universal~i.e., operator and channel inde
pendent!, there is the likelihood of some uncertainties in o
predicted values.

It should be noted from Table I that the dominant coe
cients area1 and a2 for current-current amplitudes,a4 and
a6 for QCD penguin induced amplitudes, anda9 for elec-
troweak penguin induced amplitudes. Furthermore, it
also be seen that the coefficientsa1 , a4 , a6, anda9 are in
generalNc

e f f stable, whereas the others depend strongly o
Therefore for charmlessb decays whose amplitudes depe
dominantly onNc

e f f stable coefficients, their decay rates c
07400
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be reliably predicted within the factorization approach ev
in the absence of information on nonfactorizable effects.

C. Classification of the factorized amplitudes

Applying the effective Hamiltonian~7!, the factorizable
decay amplitudes forLb→BfM decay processes obtaine
within the generalized factorization approach are given
Eqs.~25!–~30!. In general the two body charmlessB meson
decays are classified into six classes: class-I decay m
dominated by the externalW emission characterized by th
parametera1; class-II decay modes dominated by the co
suppressed internalW emission characterized by the param
etera2; class-III decays involving both external and intern
W emissions described bya11ra2; class-IV decays domi-
nated by the QCD penguin parametera41Ra6; class-V
modes, those whose amplitudes are governed by the effe
coefficientsa3 , a5 , a7, anda9; class-VI modes involving
the interference ofaeven andaodd .

Assuming the same classification for charmlessLb decays
we now find the classes for the decay processes in which
are interested.

1. Lb\p„pÕr…

These decays proceed at the tree level throughb→uūd
and at the loop level viab→d penguin diagrams. Since in
terms of the Wolfenstein parametrization

VubVud* .Al3~r2 ih!, VtbVtd* .Al3~12r1 ih!
~32!

are of the same order of magnitude, it is clear that th
decays are tree dominated as the penguin contributions
suppressed by the smallness of the penguin coefficie
Hence these decay modes belong to the class-I category

TABLE IV. Asymmetry parameter (a) for various charmless
Lb→BfM decay modes.

Decay processes Nc
e f f52 Nc

e f f53 Nc
e f f5`

Lb→pp2 20.77 20.77 20.77
Lb→pK2 20.77 20.77 20.77
Lb→Lp0 20.89 20.89 20.89
Lb→pr2 20.71 20.71 20.71
Lb→pK* 2 20.68 20.68 20.68
Lb→Lr0 20.78 20.78 20.78
1-7
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2. Lb\p„KÕK* …

These decays proceed at the tree level throughb→uūs
and viab→s penguin diagrams. In this case,

VubVus* 5Al4~r2 ih!, VtbVts* 52Al2, ~33!

the magnitude ofVtbVts* being approximately (102) times
larger than that ofVubVus* . Hence these processes are dom
nated by the QCD penguin coefficients and belong to c
IV.

3. Lb\L„pÕr…

These decays proceed at the tree level through internaW

emissionb→uūs and via b→s electroweak penguin dia
grams. Since the magnitude ofVtbVts* is larger thanVubVus* ,
these decays are dominated by electroweak penguin
grams and belong to class V. Since the electroweak co
cients are smaller than those of tree and QCD penguin c
ficients, the branching ratios for these type transitions ar
general smaller than the other decay modes that we h
considered.

V. RESULTS AND DISCUSSIONS

After obtaining the transition amplitudes for various d
cay processes we now proceed to estimate their branc
ratios and asymmetry parameters. Comparing the evalu
transition amplitudes forLb→BfM processes@Eqs. ~25!–
~30!# with the corresponding generalized amplitudes given
Eqs. ~2!,~4! one can easily determine the coefficientsA, B,
A1 , A2 , B1, andB2. Hence the branching ratios and asym
metry parameters are estimated with Eqs.~3!,~5!,~6!. Using
the various pseudoscalar and vector meson decay cons
~in MeV! such asf p5130.7, f K5159.8, f K* 5221, andf r

5216, the estimated branching ratios and asymmetry par
eters are presented in Tables III and IV, respectively,
three different sets of the effective number of colors. It
seen that the branching ratios are maximum forNc

e f f5`;
however,a is stable for all three sets. The estimated bran
ing ratios forLb→pp and pK for all three sets ofNc

e f f lie
v.

ys
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below the present experimental upper limitBR(Lb
→pp/pK),531025 @9#. It should also be noted that th
decay modesLb→L(p/r) have the smallest branching ra
tios in comparison to the others. This is so because th
decay modes receive contributions from CKM as well
color suppressed tree and electroweak penguin diagrams
moreover they are dominated by the latter. It is naively b
lieved that in charmlessb decays the contributions from th
electroweak penguin diagrams are negligible compared
QCD penguins diagrams because of the smallness of e
troweak Wilson coefficients. Thus the estimated branch
ratios for Lb→L(p/r) are one order smaller than theLb
→p(p/r),p(K/K* ) transitions.

To summarize, using the next-to-leading order QCD c
rected effective Hamiltonian, we have obtained the bran
ing ratios and asymmetry parameters for charmless hadr
Lb decays, within the framework of a generalized factoriz
tion. The nonfactorizable contributions are parametrized
terms of the effective number of colors,Nc

e f f . So in addition
to the naive factorization approach (Nc

e f f53), here we have
taken two more values forNc

e f f , i.e., Nc
e f f52 and `. The

baryonic form factors at maximum momentum transfer (qm
2 )

are evaluated using the nonrelativistic quark model and
extrapolation of the form factors fromqm

2 to the requiredq2

value is done by assuming pole dominance. The obtai
branching ratios forLb→pp, pK processes lie within the
present experimental upper limit. Though the branching
tios for these modes are small, they could be accessibl
future hadron colliders with largeb production. Furthermore
with large data onLb baryons expected in the near futur
these decay channels will serve as a testing ground to
for CP violation in and beyond standard model.
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