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In this work, we study weak transitions of Λb to light baryons Λ and p in the Bethe-Salpeter equation
approach. In the heavy quark limit, based on the picture that Λb is composed of a heavy b-quark and a light
diquark, the Bethe-Salpeter equation for Λb was established in previous works. Although the light baryon
ΛðpÞ is composed of various quark-diquark configurations based on the SUð6Þ spin-flavor wave functions,
only the configuration sðudÞ0;0 [uðudÞ0;0] [ðudÞ0;0 is a scalar diquark composed of u and d quarks]
contributes to Λb → Λ (Λb → p) transition. We establish the Bethe-Salpeter equations for the systems
sðudÞ0;0 and uðudÞ0;0 and calculate their Bethe-Salpeter wave functions in the covariant instantaneous
approximation with the kernel containing both scalar confinement and one-gluon-exchange terms. Then,
the form factors for Λb → Λ and Λb → pweak transitions are obtained with Bethe-Salpeter wave functions
for Λb, Λ, and p. Consequently, we calculate the branching ratios of Λb → ΛP, Λb → ΛV, Λ → pP, and
Λb → pV (P and V denote pseudoscalar and vector mesons, respectively) in the factorization approach.
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I. INTRODUCTION

In recent years, much more new data about weak decays
of Λb have appeared. For instance, the branching ratios of
the semileptonic decay Λb → Λclν [1] and the two body
decay Λb → Λþ

c π
− [2] were measured. CDF and D0

measured the lifetime of Λb. Furthermore, the decay
Λb → ΛJ=ψ was observed by CDF, and the ratio of
the cross section times the branching fraction,
σΛb

BðΛb → ΛJ=ψÞ=σB0BðB0 → J=ψKsÞ, was measured.
The branching ratio of Λb → ΛJ=ψ turns out to be
ð3.7�1.7�0.4Þ×10−4 [3], assuming σΛb

=σB¼0.1=0.375
andBðB0→J=ψKsÞ¼3.7×10−4 [3,4].FðΛbÞBðΛb→ΛJ=ψÞ
measured byD0 is ð6.01� 0.60� 0.58� 0.28Þ × 10−5 [5],
where FðΛbÞ is the fraction of the b-quark transition into
Λb. In the past theoretical studies, people gave predictions
for Λb decays by calculating transition form factors for Λb
decays, assuming pole dominance for the form factors [6,7]
or adopting models for describing baryon wave functions
[8,9]. It is the aim of the present paper to study nonleptonic
decays of Λb to light baryons Λ and p theoretically in the
Bethe-Salpteter (BS) equation approach. These decays
include Λb → ΛðpÞP, where the pseudoscalar meson P
is π−,K−, or π0, and Λb → ΛðpÞV, where the vector meson
V is J=ψ , ρ0, ρ−, or K�. Experimentally, Λb → pπ− and
Λb → pK− have been measured [4].
In the limitmb → ∞, with the application of heavy quark

effective theory, Λb → Λ (p) transition can be described by

two independent form factors [10]. The decrease in the
number of form factors simplifies calculations. However,
these two form factors contain all soft QCD effects that are
difficult to calculate from first principles. Therefore, one
must resort to some phenomenological models [6–8,11] to
calculate them. In previous works, the form factors for
Λb → Λc were calculated in the BS equation approach
[12,13] within the “quark-diquark” model. Theoretical
results for Λb → Λc semileptonic and nonleptonic decay
widths were found to be consistent with experimental data.
Furthermore, baryons containing a light quark and a heavy
diquark (ΩQQ0 , ΞQQ0 ) ðQ;Q0 ¼ b; cÞ were also studied in
the BS equation formalism [14]. Since there have been
experimental data for Λb to light baryon decays, we will
extend the BS equation model to light baryons in the
present work.
In the quark-diquark model, a baryon is regarded as a

bound state of two particles: one is a quark, and the other is
a quasiparticle made of two quarks, or diquark. For a heavy
baryon containing a heavy quark or two heavy quarks, due
to the flavor and spin symmetries SUð2Þf × SUð2Þs in the
heavy quark limit, such a baryon can be regarded as
composed of a heavy quark and a light diquark or a heavy
diquark and a light quark. On the other hand, a light baryon
composed of u, d, and s quarks is a much more complex
system in which all the three light quarks play important
roles in the dynamics of the baryon. Based on the SUð6Þ
spin-flavor wave functions, the light baryons Λ and p
contain several quark-diquark configurations. However,
only the configuration sðudÞ0;0 [uðudÞ0;0] [the first and
second subscripts correspond to the total spin and the third
component of the spin of the ðudÞ diquark, respectively]
contributes to Λb → Λ (Λb → p) transition. We will
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establish the Bethe-Salpeter equations for the systems
sðudÞ0;0 and uðudÞ0;0 and solve them in the covariant
instantaneous approximation with the kernel containing
both scalar confinement and one-gluon-exchange terms.
The form factors for the heavy-light transitions will be
expressed in terms of the BS wave functions obtained for
the initial and final baryons. Finally, we will calculate the
decay branching ratios for Λb → Λ and Λb → p plus a
pseudosclar meson or a vector meson.
The remainder of this paper is organized as follows. In

Sec. II, we will establish the BS equations for the systems
containing a light quark and a light scalar diquark. The
normalization conditions for the BS wave functions will
also be given in this section. Then, the BS wave functions
will be calculated numerically. In Sec. III, the form factors
for Λb → Λ and Λb → p will be derived from the BS wave
functions obtained in Sec. II. In Sec. IV, the branching
ratios for Λb → Λ and Λb → p plus a pseudoscalar meson
or a vector meson will be obtained. Section V will be
reserved for a summary and some discussions.

II. BS EQUATION FOR A SYSTEM
CONTAINING A LIGHT QUARK

AND A LIGHT SCALAR DIQUARK

In general, the parity of a baryon at the ground state is
positive. Since the parity of the quark in the baryon is
supposed to be positive, the parity of the diquark involved
in the ground state baryon should also be positive. Because
of the Pauli principle, two quarks with same flavor
constitute an axial-vector diquark. On the other hand,
two quarks with different flavors can constitute a scalar
diquark or an axial-vector diquark. Regarding Λb as a
bound state of a light scalar diquark and a heavy b-quark,
the BS equation for Λb has been studied extensively
[15,16]. As discussed in Introduction, to study the weak
transitions Λb → Λ and Λb → p, we need to establish the
BS equations of qðudÞ0;0 (q ¼ s or u). We define the BS
wave function of the qðudÞ0;0 system as

χðx1; x2; PÞ ¼ h0jTψðx1Þφðx2ÞjPi; ð1Þ

where ψðx1Þ and φðx2Þ are the field operators of the light
quark at position x1 and the light scalar diquark at position
x2, respectively; P ¼ Mv is the momentum of Λ or p; and
M (v) is its mass (velocity). Let mq and mD represent the
masses of the light quark and the light diquark in the baryon
Λ or p; λ1 ¼ mq

mqþmD
, λ2 ¼ mD

mqþmD
, and p represent the

relative momentum of the two constituents. X ¼ λ1x1 þ
λ2x2 is the coordinate of the center of mass, and
x ¼ x1 − x2. Then, we define the BS wave function in
momentum space:

χðx1; x2; PÞ ¼ eiPX
Z

d4p
ð2πÞ4 e

ipxχPðpÞ: ð2Þ

It is straightforward to prove that the BS equation for the
qðudÞ0;0 system has the form in momentum space of

χPðpÞ ¼ SFðp1Þ
Z

d4q
ð2πÞ4KðP; p; qÞχPðqÞSDðp2Þ; ð3Þ

where p1 ¼ λ1Pþ p and p2 ¼ λ2P − p are the momenta
of the light quark q and the light scalar diquark, respec-
tively; KðP; p; qÞ is the kernel that is defined as the sum of
two-particle-irreducible diagrams; and SFðp1Þ and SDðp2Þ
are propagators of the light quark with momentum p1 and
the light diquark with momentum p2. Motivated by the
potential model, the kernel is given by [15,17]

−iKðP; p; qÞ ¼ I ⊗ IV1ðp; qÞ þ γμ ⊗ ΓμV2ðp; qÞ; ð4Þ

where Γμ ¼ ðp2 þ q2ÞμFðQ2Þ is the effective vertex of a
gluon with two scalar diquarks and FðQ2Þ is used to
describe the structure of the diquark [15,18]

FðQ2Þ ¼ αseffQ2
0

Q2 þQ2
0

; ð5Þ

where Q2
0 is a parameter that freezes FðQ2Þ when Q2 is

very small. In the high-energy region, the form factor is
proportional to 1

Q2, which is consistent with perturbative

QCD calculations. By analyzing the electromagnetic form
factor for the proton, it was found that Q2

0 ¼ 3.2 GeV2

[15,18] can lead to consistent results with the experimental
data. V1 and V2 are the scalar confinement and one-gluon-
exchange terms that have the forms in the covariant
instantaneous approximation [14–16,19–21]

~V1ðpt−qtÞ¼
8πκ

½ðpt−qtÞ2þμ2�2

− ð2πÞ3δ3ðpt−qtÞ
Z

d3k
ð2πÞ3

8πκ

ðk2þμ2Þ2 ; ð6Þ

~V2ðpt − qtÞ ¼ −
16π

3

αseff
ðpt − qtÞ2 þ μ2

; ð7Þ

respectively, where pt and qt are the transverse projection
of the relative momentum along the momentum P and are
defined as pμ

t ¼ pμ − v · pvμ and qμt ¼ qμ − v · qvμ. The
second term of ~V1 is introduced to remove the infrared
singularity at the point pt ¼ qt, and the small parameter μ is
introduced to avoid the divergence in numerical calcula-
tions. The dimension of κ is 3, and that of κ0 in the meson
case is 2. The extra dimension in κ should be caused by
nonperturbative QCD effects, and hence κ ∼ ΛQCDκ

0 [17].
κ0 is the confinement parameter in the heavy meson case
and is about 0.2 GeV2 [15], and ΛQCD is the only parameter
that is related to confinement. So the parameter κ may range
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from 0.02 to 0.1 GeV3. Furthermore, by studying the
average momentum of the b quark in Λb and comparing
it with this quantity derived from the experimental value of
the average momentum of the b quark in the B meson with
the aid of heavy quark effective theory, κ can be constrained
to a narrower range: roughly from 0.02 to 0.08 GeV3 [19].
Therefore, in our numerical calculations, the parameter κ is
chosen to vary in the region between 0.02 and 0.08 GeV3

[9,20]. The light quark propagator can be written in the
form [14,21]

SFðp1Þ ¼ iv

�
Λþ
q

λ1M þ pl −ωq þ iε
þ Λ−

q

λ1M þ pl þωq − iε

�
;

ð8Þ

where plð¼ p · vÞ and pμ
t are the longitudinal and trans-

verse projections of the relative momentum along the light

baryon momentum, respectively; ωq ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
m2

q − p2
t

q
; and Λ�

q

are the projection operators given by

Λ�
q ¼ ωq � vðpt þmqÞ

2ωq
: ð9Þ

The propagator of the scalar light diquark can be
written as

SDðp2Þ ¼
i

ðλ2M − pl − ωD þ iεÞðλ2M − pl þ ωD − iεÞ ;

ð10Þ

where ωD¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
m2

D−p2
t

p
. In general, considering vuðv; sÞ ¼

uðv; sÞ, where uðv; sÞ is the spinor of Λ or p with helicity s,
χPðpÞ can be expanded as

χPðpÞ ¼ ðf1 þ f2γ5 þ f3γ5pt þ f4pt

þ f5σμνεμναβptαvβÞuðv; sÞ; ð11Þ

where fi (i ¼ 1;…; 5) are the Lorentz-scalar functions of
p2
t and pl. After considering the constraints on χpðpÞ

imposed by parity and Lorentz transformations, we sim-
plify Eq. (11) to the following form:

χPðpÞ ¼ ðf1 þ ptf2Þuðv; sÞ: ð12Þ

Defining ~f1ð2Þ ¼
R dpl

2π f1ð2Þ, we find that the BS scalar wave
functions satisfy the coupled integral equations as follows:

~f1ðptÞ ¼ −
Z

d3pt

ð2πÞ3
1

4ωqωDðM −ωq −wDÞ
½ðmq þωqÞð ~V1 þ 2ωD

~V2FðQ2ÞÞ ~f1ðqtÞ − ðpt · qt þ p2
t Þ ~V2FðQ2Þ ~f1ðqtÞ�

−
Z

d3pt

ð2πÞ3
1

4ωqωDðM −ωq −ωDÞ
½ð ~V1 − 2ωD

~V2FðQ2ÞÞpt · qt ~f2ðqtÞ− ðmq þωqÞðpt · qt þ q2t Þ ~V2FðQ2Þ ~f2ðqtÞ�;

ð13Þ

~f2ðptÞ ¼ −
Z

d3pt

ð2πÞ3
1

4ωQωDðM −ωq −ωDÞ
�
ð ~V1 þ 2ωD

~V2FðQ2ÞÞ ~f1ðqtÞ− ðmq −ωqÞ
ðpt · qt þp2

t Þ
p2
t

~V2FðQ2Þ ~f1ðqtÞ
�

−
Z

d3pt

ð2πÞ3
1

4ωqωDðM −ωq −ωDÞ
�
ðmq −ωqÞð ~V1 − 2ωD

~V2FðQ2ÞÞpt · qt
p2
t

~f2ðqtÞ− ðpt · qt þ q2t Þ ~V2FðQ2Þ ~f2ðqtÞ
�
:

ð14Þ

The normalization condition for the BS wave function is
given after imposing the covariant instantaneous approxi-
mation on the kernel as [14,21,22]

iδi1i2j1j2

Z
d4qd4p
ð2πÞ8 χ̄Pðp; sÞ

� ∂
∂P0

IPðp; qÞi1i2j2j1
�
χPðq; s0Þ

¼ δss0 ; ð15Þ
where i1ð2Þ and j1ð2Þ represent the color indices of the light
diquark and the light quark, respectively; sð0Þ is the spin
index for the light baryon; δi1;i2j1;j2

¼ δi1j1δ
i2
j2
− δi1j2δ

i2
j1
; and

Ii1i2j2j1P ðp; qÞ is the inverse of the four-point propagator
defined as follows:

Ii1i2j2j1P ðp; qÞ ¼ δi1j1δi2j2ð2πÞ4δ4ðp − qÞSð−1Þq ðp1ÞS−1D ðp2Þ:
ð16Þ

With this condition, we can get the normalization condition
in the form

−
1

6

Z
d4p
ð2πÞ4 fTr½αPðptÞβPðptÞSqðp1Þðλ1εÞSqðp1ÞSDðp2Þ�

þ Tr½αPðptÞβPðptÞð2λ2p2 · εÞSqðp1ÞS2Dðp2Þ�g ¼ 1;

ð17Þ
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where ε ¼ ð1; ~0Þ and we define αPðptÞ and βPðptÞ as

αPðptÞ ¼ −iSFðp1Þ−1χpðpÞSDðP2Þ−1; ð18Þ

βPðptÞ ¼ −iSDðp2Þ−1χ̄pðpÞSFðP1Þ−1: ð19Þ

From Eqs. (18) and (19), we can derive the parametric
forms of αPðptÞ and βPðptÞ as

αPðptÞ ¼ ½ ~h1ðptÞ þ pt
~h2ðptÞ�uðvÞ; ð20Þ

βPðptÞ ¼ ūðvÞ½ ~h1ðptÞ þ pt
~h2ðptÞ�; ð21Þ

respectively, where ~h1ðptÞ and ~h2ðptÞ satisfy the following
equations:

~h1ðptÞ ¼
Z

d3qt
ð2πÞ3 ½ð

~V1 þ 2ωD
~V2FðQ2ÞÞ ~f1ðqtÞ

− ðpt · qt þ q2t Þ ~V2FðQ2Þ ~f2ðqtÞ�; ð22Þ

~h2ðptÞ ¼
Z

d3qt
ð2πÞ3

�
ð ~V1 − 2ωD

~V2FðQ2ÞÞ ~f2ðqtÞ

−
ðpt · qt þ p2

t Þ
p2
t

~V2FðQ2Þ ~f1ðqtÞ
�
: ð23Þ

We substitute Eqs. (22) and (23) into Eq. (17) and integrate
out the longitudinal momentum pl; then, the normalization
condition can be written in the form

E
24Mω3

qω
2
DðM−ωq−ωDÞ2ðMþωqþwDÞ2

Z
d3pt

ð2πÞ3f½λ1ðm
2
qþω2

qþ2mqωq−p2
t ÞðMþωDþωqÞ2ωqωD

þλ1ðm2
qþω2

q−2mqωq−p2
t ÞðM−ωD−ωqÞ2ωqωDþ2λ1ðωqþωDÞðω2

q−m2
qþp2

t ÞðMþωqþωDÞðM−ωq−ωDÞω2
D

þ2λ2ðM−ωqÞω2
qðMþωqþωDÞ2ðmqþωqÞþ2λ2ðMþωqÞω2

qðM−ωq−ωDÞ2ð−mqþωqÞ� ~h21ðptÞ
þ½4λ1ω2

QωDðMþωQþωDÞ2p2
t þ4λ2ω

2
QðM−ωQÞðMþωQþωDÞ2p2

t −4λ2ω
2
QðMþwQÞðM−ωQ−ωDÞ2p2

t

−4λ1ðM−ωq−ωDÞ2ω2
qωDp2

t � ~h1ðptÞ ~h2ðptÞþ½λ1ωqωDðMþωqþωDÞ2ð2mqωq−ω2
qþp2

t Þp2
t

þλ1ωQωDðM−ωQ−ωDÞ2ð−2mQωQ−ω2
Qþp2

t Þp2
t þ2λ2ω

2
QðM−ωQÞðmQ−ωQÞðMþωQþωDÞ2p2

t

−2λ2ω
2
qðM−ωq−ωDÞ2ðMþωqÞðmqþωqÞp2

t þ2λ1ω
2
DðωDþωqÞðM−ωq−ωDÞðMþωqþωDÞðm2

q−ω2
q−p2

t Þp2
t � ~h22ðptÞg

¼1; ð24Þ

where E is the binding energy that is defined as
M ¼ mq þmD þ E. We divide the domains of integrations
in Eqs. (13) and (14) into n regions (n is sufficiently large),
and then the integral equations turn out to be matrix
equations. The BS scalar wave functions become n-
dimensional vectors, and we just need to solve the
eigenvalue equation A ~f1ð2Þ ¼ I (A is an n × n matrix).
In our calculations, we take the constituent masses of the
light quarks as mu ¼ 0.33 GeV, ms ¼ 0.45 GeV. The
parameters mD and E are constrained by the relation
mD þ E ¼ M −msðuÞ. Takingmp ¼ 0.938 GeV and mΛ ¼
1.116 GeV, we have mD þ E ¼ 0.67 GeV for Λ and
0.61 GeV for p. The parameter mD cannot be determined,
and hence we let it vary within some reasonable range. For
Λ and p, we choose the diquark massmD to range from 700

to 800 MeV. With this choice for mD, the binding energy E
is negative and varies from −90 to −190 MeV. As we
discussed before, κ ranges from 0.02 to 0.08 GeV3. Then,
for eachmD, we get a value of αseff corresponding to a value
of κ. In Tables I and II, we show the results for mD ¼ 700,
750, and 800 MeV for Λ and p.
Solving the eigenvalue equation, we obtain the numeri-

cal results for ~f1ðptÞ and ~f2ðptÞ. The numerical results for
the BS wave function depend on two parameters,mD and κ.
The results are shown in Figs. 1–4 for sðudÞ0;0 and uðudÞ0;0
with different values ofmD and κ. Figures 1 and 3 show the
κ dependence of the BS wave functions for the system
sðudÞ0;0 and the system uðudÞ0;0 for typical mD, respec-
tively. Figures 2 and 4 show their dependence on mD for a
typical value of κ. It can be seen from these figures that for

TABLE I. Values of αseff for Λ with different κ and mD.

αseffðκ ¼ 0.02 GeV3Þ αseffðκ ¼ 0.04 GeV3Þ αseffðκ ¼ 0.06 GeV3Þ αseffðκ ¼ 0.08 GeV3Þ
mD ¼ 700 MeV 0.72 0.76 0.78 0.80
mD ¼ 750 MeV 0.77 0.80 0.82 0.83
mD ¼ 800 MeV 0.82 0.83 0.85 0.86
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different baryons the shapes of the BS wave functions are
rather similar. This arises from the approximate SUð3Þ
flavor symmetry and is to be excepted. All the wave
functions decrease to zero when jptj is larger than about
1.5 GeV because of the confinement interaction.

III. Λb → Λ AND Λb → p FORM FACTORS

Based on SUð6Þwave functions of the proton, the proton
state can be expanded in the terms of quark-diquark
configurations [23]:
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FIG. 2 (color online). The normalized BS wave functions for
the system sðudÞ0;0 of Λ. When κ ¼ 0.05 GeV3 and
mD ¼ 0.7 GeV, the dotted and solid lines correspond to
~f1ðptÞ and ~f2ðptÞ, respectively. The dashed-dotted and dashed
lines correspond to ~f1ðptÞ and ~f2ðptÞ, respectively, when κ ¼
0.05 GeV3 and mD ¼ 0.8 GeV.
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FIG. 3 (color online). The normalized BS wave functions for
the system uðudÞ0;0 of p. When mD ¼ 0.75 GeV and
κ ¼ 0.02 GeV3, the dotted and solid lines correspond to
~f1ðptÞ and ~f2ðptÞ, respectively. The dashed-dotted and dashed
lines correspond to ~f1ðptÞ and ~f2ðptÞ, respectively, when mD ¼
0.75 GeV and κ ¼ 0.08 GeV3.

TABLE II. Values of αseff for p with different κ and mD.

αseffðκ ¼ 0.02 GeV3Þ αseffðκ ¼ 0.04 GeV3Þ αseffðκ ¼ 0.06 GeV3Þ αseffðκ ¼ 0.08 GeV3Þ
mD ¼ 700 MeV 0.81 0.83 0.84 0.85
mD ¼ 750 MeV 0.85 0.86 0.87 0.88
mD ¼ 800 MeV 0.88 0.89 0.90 0.91
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FIG. 1 (color online). The normalized BS wave functions for
the system sðudÞ0;0 of Λ. When mD ¼ 0.75 GeV and
κ ¼ 0.02 GeV3, the dotted and solid lines correspond to
~f1ðptÞ and ~f2ðptÞ, respectively. The dashed-dotted and dashed
lines correspond to ~f1ðptÞ and ~f2ðptÞ, respectively, when mD ¼
0.75 GeV and κ ¼ 0.08 GeV3.
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FIG. 4 (color online). The normalized BS wave functions for
the system uðudÞ0;0 of p. When κ ¼ 0.05 GeV3 and
mD ¼ 0.7 GeV, the dotted and solid lines correspond to
~f1ðptÞ and ~f2ðptÞ, respectively. The dashed-dotted and dashed
lines correspond to ~f1ðptÞ and ~f2ðptÞ, respectively, when κ ¼
0.05 GeV3 and mD ¼ 0.8 GeV.
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p↑ ¼ 1

3
ffiffiffi
2

p ½3u↑ðudÞ0;0 þ u↑ðudÞ1;0 −
ffiffiffi
2

p
u↓ðudÞ1;1

−
ffiffiffi
2

p
d↑ðuuÞ1;0 þ 2d↓ðuuÞ1;1�; ð25Þ

p↓ ¼ 1

3
ffiffiffi
2

p ½3u↓ðudÞ0;0 − u↑ðudÞ1;−1 þ
ffiffiffi
2

p
u↑ðudÞ1;−1

þ
ffiffiffi
2

p
d↓ðuuÞ1;0 − 2d↑ðuuÞ1;−1�: ð26Þ

In the same way, we can obtain the forms of Λ [23],

Λ↑ ¼ 1

2
ffiffiffi
3

p ½2s↑ðudÞ0;0 þ
ffiffiffi
2

p
d↓ðusÞ1;1 − d↑ðusÞ1;0

þ d↑ðusÞ0;0 −
ffiffiffi
2

p
u↓ðdsÞ1;1 þ u↑ðdsÞ1;0 − u↑ðdsÞ0;0�;

ð27Þ

Λ↓ ¼ 1

2
ffiffiffi
3

p ½2s↓ðudÞ0;0 −
ffiffiffi
2

p
d↑ðusÞ1;−1 þ d↓ðusÞ1;0

þ d↓ðusÞ0;0 þ
ffiffiffi
2

p
u↑ðdsÞ1;−1 − u↓ðdsÞ1;0 − u↓ðdsÞ0;0�:

ð28Þ

In Eqs. (25)–(28), the arrow ↑ (↓) indicates that the spin
direction of the corresponding baryon is up (down).
Λb is regarded as a bound state of a b quark and a scalar

diquark ðudÞ0;0. In the transition Λb → Λ ðpÞ shown in
Fig. 5, the b quark decays into the s ðuÞ quark, and the
scalar diquark behaves as a spectator.
We first study Λb → Λ transition, the matrix of which

has the general form [10]

hΛðP0; s0Þjs̄γμbjΛbðP; sÞi
¼ ūΛðP0; s0Þ½g1γμ þ ig2σμνqν þ g3qμ�uΛb

ðP; sÞ;
hΛðP0; s0Þjs̄γμγ5bjΛbðP; sÞi

¼ ūΛðP0; s0Þ½t1γμ þ it2σμνqν þ t3qμ�γ5uΛb
ðP; sÞ; ð29Þ

where q ¼ P − P0 and the form factors gi and ti
(i ¼ 1; 2; 3) are functions of q2. The most general form

for the matrix element in Eq. (29) consistent with the spin
symmetry on the b quark in the limit mb → ∞ is

hΛðP0; s0Þs̄γμð1 − γ5ÞbΛbðv; sÞi
¼ ūΛðP0; s0ÞðF1 þ F2vÞγμð1 − γ5ÞuΛb

ðv; sÞ; ð30Þ

where Fi (i ¼ 1; 2) are functions of v · P0, and we have
used the constraints

vuΛb
ðv; sÞ ¼ uΛb

ðv; sÞ; P0uΛðp0; s0Þ ¼ MuΛðp0; s0Þ:
ð31Þ

Comparing Eq. (30) with Eq. (29), we obtain the following
relations:

g1 ¼ t1 ¼
�
F1 þ

MΛ

MΛb

F2

�
;

g2 ¼ g3 ¼ t2 ¼ t3 ¼
1

MΛb

F2: ð32Þ

In the second section, we have obtained the BS wave
functions of the sðudÞ0;0 [uðudÞ0;0] configuration of ΛðpÞ.
The BS wave function of Λb was given in previous works
and has the form χΛb

P ðpÞ ¼ ϕΛbðpÞuΛb
ðv; sÞ, where

ϕΛbðpÞ is the scalar BS wave function [17,19]. The
transition matrix for Λb → Λ can be expressed in terms
of the BS wave function of Λb and the sðudÞ0;0 component
of Λ,

hΛðP0; s0Þs̄γμð1 − γ5ÞbΛbðP; sÞi

¼
Z

d4p
ð2πÞ4 χ̄

Λ
P0 ðp0Þγμð1 − γ5ÞχΛb

P ðpÞS−1D ðp2Þ; ð33Þ

where χΛP0 ðp0Þ represents the BS wave function of the
sðudÞ0;0 component. On the grounds of Lorentz invariance,
we define the following equation:

Z
d4p
ð2πÞ4 f2ðp

0Þp0
tνϕ

ΛbðpÞS−1D ðp2Þ ¼ l1vν þ l2v0ν: ð34Þ

Considering ptν · vν ¼ 0, p0
tν · v0ν ¼ 0 and v2 ¼ v02 ¼ 1,

we can get

l1 ¼
1

1 − ω2

Z
d4p
ð2πÞ4 f2ðp

0Þp0
t · vϕΛbðpÞðp2

l − ω2
DÞ; ð35Þ

l2 ¼ −ωl1: ð36Þ

From Eqs. (27) and (28), we can see that the Clebsch–
Gordan coefficient of the sðudÞ0;0 configuration is 1=

ffiffiffi
3

p
.

FIG. 5. Λb → ΛðpÞPðVÞ, where P and V are a pseudoscalar
meson and a vector meson, respectively. In these transitions,
ðudÞ0;0 behaves as a spectator.
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Comparing Eqs. (30) and (33) and making use of Eqs. (34),
(35), and (36), we can obtain the form factors for Λb → Λ
as the following:

F1 ¼
−iffiffiffi
3

p
Z

d4p
ð2πÞ4

�
fΛ1 ðp0ÞϕΛbðpÞS−1D ðp2Þ

−
ω

1 − ω2
fΛ2 ðp0Þp0

t · vϕΛbðpÞðp2
l − ω2

DÞ
�
; ð37Þ

F2 ¼
−iffiffiffi
3

p
Z

d4p
ð2πÞ4

�
1

1−ω2
fΛ2 ðp0Þp0

t ·vϕΛbðpÞðp2
l −ω2

DÞ
�
:

ð38Þ

Substituting Eqs. (4), (8), (10), and (12) into Eq. (3) and
integrating ql, we get the relations between fΛ1 ðp0Þ, fΛ2 ðp0Þ
and ~fΛ1 ðp0

tÞ, ~fΛ2 ðp0
tÞ,

fΛ1 ðp0Þ ¼ i
ðλ1M þ p0

l − ωs þ iϵÞððλ2M − p0
lÞ2 − ω2

D − iϵÞ
Z

d3qt
ð2πÞ3

× f½ð ~V1ðp0
t − qtÞ þ 2ðp0

l − ωDÞ ~V2ðp0
t − qtÞFðQ2ÞÞðms þ ω0

sÞ − ðp0
t · qt þ p02

t Þ ~V2ðp0
t − qtÞFðQ2Þ� ~fΛ1 ðqtÞ

þ ½ð ~V1ðp0
t − qtÞ − 2ðp0

l − ωDÞ ~V2ðp0
t − qtÞFðQ2ÞÞ − ðms þ ω0

sÞðp0
t · qt þ p02

t Þ ~V2FðQ2Þ� ~fΛ2 ðqtÞg; ð39Þ

fΛ2 ðp0Þ ¼ i
ðλ1Mþp0

l−ωsþ iϵÞððλ2M−p0
lÞ2−ω2

D− iϵÞ
Z

d3qt
ð2πÞ3

×
��

ð ~V1ðp0
t−qtÞþ2ðp0

l−ωDÞ ~V2ðp0
t−qtÞFðQ2ÞÞ− ðms−ω0

sÞ
�
~V1ðp0

t−qtÞþ
p0
t ·qt
p02
t

~V2ðp0
t−qtÞFðQ2Þ

��
~fΛ1 ðqtÞ

þ
�
ðms−ω0

sÞð ~V1ðp0
t−qtÞ−2ðp0

l−ωDÞ ~V2ðp0
t−qtÞFðQ2ÞÞp

0
t ·qt
p02

t
− ðp0

t ·qtþp02
t Þ ~V2ðp0

t−qtÞFðQ2Þ
�
~fΛ2 ðqtÞ

�
;

ð40Þ
where ωs ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
m2

s − p2
t

p
, ω0

s ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
m2

s − p02
t

p
, p0

tð¼ p0 − p0
l · vÞ and p0

lð¼ p0 · vÞ are the transverse and longitudinal
relative momenta along the momentum of Λ, respectively. Substituting Eqs. (39) and (40) and the relation between
ϕΛbðpÞ and ~ϕΛbðptÞ [15] into Eqs. (37) and (38) and integrating out the longitudinal momentum pl, we obtain the forms for
F1 and F2,

F1 ¼
1ffiffiffi
3

p
Z

d3pt

ð2πÞ3
~ϕΛbðptÞ

Z
d3kt
ð2πÞ3

�
−

1

2ω0
sðMΛ − ωωD − ω0

s −
ffiffiffiffiffiffiffiffiffiffiffiffiffi
ω2 − 1

p
cos θptÞ

× f½ð ~V1ðp0
t − ktÞ þ 2ωD

~V2ðp0
t − ktÞFðQ2ÞÞðms þ ω0

sÞ − ðp0
t · kt þ p02

t Þ ~V2ðp0
t − ktÞFðQ2Þ� ~fΛ1 ðktÞ

þ ½ð ~V1ðp0
t − ktÞ − 2ωD

~V2ðp0
t − ktÞFðQ2ÞÞ − ðms þ ω0

sÞðp0
t · kt þ p02

t Þ ~V2FðQ2Þ� ~fΛ2 ðktÞg

þ ω

1 − ω2

1

2ω0
sðMΛ − ωωD − ω0

s −
ffiffiffiffiffiffiffiffiffiffiffiffiffi
ω2 − 1

p
cos θptÞ

v · p0
t

×

��
ð ~V1ðp0

t − ktÞ þ 2ωD
~V2ðp0

t − ktÞFðQ2ÞÞ − ðms − ω0
sÞ
�
~V1ðp0

t − ktÞ þ
p0
t · kt
p02
t

~V2ðp0
t − ktÞFðQ2Þ

��
~fΛ1 ðktÞ

þ
�
ðms − ω0

sÞð ~V1ðp0
t − ktÞ − 2ωD

~V2ðp0
t − ktÞFðQ2ÞÞp

0
t · kt
p02

t
− ðp0

t · kt þ p02
t Þ ~V2ðp0

t − ktÞFðQ2Þ
�
~fΛ2 ðktÞ

��
; ð41Þ

F2 ¼
1ffiffiffi
3

p
Z

d3pt

ð2πÞ3
~ϕΛbðptÞ

Z
d3kt
ð2πÞ3 −

1

1 − ω2

1

2ω0
sðMΛ − ωωD − ω0

s −
ffiffiffiffiffiffiffiffiffiffiffiffiffi
ω2 − 1

p
cos θptÞ

v · p0
t

×

��
ð ~V1ðp0

t − ktÞ þ 2ωD
~V2ðp0

t − ktÞFðQ2ÞÞ − ðms − ω0
sÞ
�
~V1ðp0

t − ktÞ þ
p0
t · kt
p02
t

~V2FðQ2Þ
��

~fΛ1 ðktÞ

þ
�
ðms − ω0

sÞð ~V1ðp0
t − ktÞ − 2ωD

~V2ðp0
t − ktÞFðQ2ÞÞp

0
t · kt
p02

t
− ðp0

t · kt þ p02
t Þ ~V2ðp0

t − ktÞFðQ2Þ
�
~fΛ2 ðktÞ

�
; ð42Þ
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where ω ¼ v · v0 (v and v0 are the velocities of the Λb and
Λ, respectively) is the invariant velocity transfer and θ is the
angle between pt and v0t. All the form factors are functions

of the invariant velocity transfer. ω ¼ m2
Λb

þm2
Λ−q

2

2mΛb
mΛ

; therefore,

the minimum and maximum values of ω are 1 and
m2

Λþm2
Λb

2mΛb
mΛ

,

respectively. In our calculation, we take ms ¼ 0.45 GeV,
MΛ ¼ 1.116 GeV, and MΛb

¼ 5.62 GeV. Then, one can
findω ranges from 1 to 2.62. The numerical results for form
factors F1 and F2 are plotted in Fig. 6 as functions ofω. In a
similar way, we obtain the form factors for Λb → p,
replacing ms by mu and MΛ by Mp. ω for Λb → p ranges
from 1 to 3.08, and the Clebsch–Gordan coefficient of the
uðudÞ0;0 configuration is 1=

ffiffiffi
2

p
. The numerical results for

F1 and F2 are plotted in Fig. 7.
From Figs. 6 and 7, we can see that the magnitudes of

form factors decrease as ω increases. This is because the

overlap integrals of BS wave functions decrease with the
increase of ω. We can also see that F1 and F2 have opposite
signs and F1 changes more rapidly than F2 as ω increases.
The numerical results of F1 and F2 will be used to calculate
the matrix elements of Λb → Λ and Λb → p and the decay
widths of Λb → ΛðpÞPðVÞ in the next section.

IV. DECAY AMPLITUDES OF Λb AND
BRANCHING RATIOS

Based on the operator product expansion, the effective
Hamiltonian Heff for the hadronic decays of Λb (ΔB ¼ 1)
reads [24]

Heff ¼
GFffiffiffi
2

p
�
VubV�

uq½c1ðμÞOu
1ðμÞ þ c2ðμÞOu

2ðμÞ�

− VtbV�
tq

X10
i¼3

ciðμÞOiðμÞ
�
þ H:c:; ð43Þ

where q ¼ d; s, GF is the Fermi constant and ciðμÞ
(i ¼ 1; 2;…; 10) are Wilson coefficients at the renormal-
ization scale μ,

Ou
1 ¼ ðūbÞV−Aðq̄uÞV−A;

Ou
2 ¼ ðūαbβÞV−Aðq̄βuαÞV−A;

O3ð5Þ ¼ ðq̄bÞV−A
X
q0
ðq̄0q0ÞV−AðVþAÞ;

O4ð6Þ ¼ ðq̄αbβÞV−A
X
q0
ðq̄0βq0αÞV−AðVþAÞ;

O7ð9Þ ¼
3

2
ðq̄bÞV−A

X
q0
eq0 ðq̄0q0ÞVþAðV−AÞ;

O8ð10Þ ¼
3

2
ðq̄αbβÞV−A

X
q0
eq0 ðq̄0βq0αÞVþAðV−AÞ; ð44Þ

whereO1;2 are the tree-level current-current operators,O3–6

are the QCD penguin operators, O7–10 are the electroweak
penguin operators, ðq̄1q2ÞV�A denote the usual V � A
currents, and the sum over q0 runs over the quark fields
that are active at the scale μ ¼ OðmbÞ, i.e., q0 ∈ u; d; s; c; b.
The Wilson coefficients, ci, are known to the next-to-
leading logarithmic order. To be consistent, the matrix
elements of the operatorsOi should also be renormalized to
one-loop order. The values of the effective Wilson coef-
ficients that are renormalization scheme independent are
listed in Table III [25], where k is the momentum of the
gluon or photon in the penguin diagrams. First, we consider
the decays of Λb → BfP (Bf could be p or Λ, and P is a
pseudoscalar meson). We note that tree operators,
QCD, and the electroweak penguin operator contribute
to Λb → pπ− and Λb → pK−, while for Λb → Λπ0, only
tree and electroweak penguin operators contribute. The
amplitudes for these processes can be given as [7]

1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6
−0.1

0

0.1

0.2

0.3

0.4

ω

F
i(ω

)

FIG. 6 (color online). Λb → Λ form factors F1 (in the upper
plane) and F2 (in the lower plane) as functions of ω. The solid and
dotted lines correspond to κ ¼ 0.02 GeV3 and 0.08 GeV3,
respectively, when mD ¼ 0.75 GeV. The dashed and dashed-
dotted lines correspond to mD ¼ 0.7 GeV and mD ¼ 0.8 GeV,
respectively, when κ ¼ 0.05 GeV3.

1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3
−0.2

−0.1

0

0.1

0.2

0.3

0.4

0.5

ω

F
i(ω

)

FIG. 7 (color online). Λb → p form factors F1 (in the upper
plane) and F2 (in the lower plane) as functions of ω. The solid and
dotted lines correspond to κ ¼ 0.02 GeV3 and 0.08 GeV3,
respectively, when mD ¼ 0.75 GeV. The dashed and dashed-
dotted lines correspond to mD ¼ 0.7 GeV and mD ¼ 0.8 GeV,
respectively, when κ ¼ 0.05 GeV3.
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MðΛb → pπ−Þ ¼ i
GFffiffiffi
2

p fπūpðP0; s0ÞðfVubV�
uda1 − VtbV�

td½a4 þ a10 þ ða6 þ a8ÞR1�g½g1ðMΛb
−MpÞ þ g3m2

π�

þ fVubV�
uda1 − VtbV�

td½a4 þ a10 þ ða6 þ a8ÞR2�g½t1ðMΛb
þMpÞ − t3m2

π�γ5ÞuΛb
ðP; sÞ; ð45Þ

MðΛb → pK−Þ ¼ i
GFffiffiffi
2

p fKūpðP0; s0ÞðfVubV�
usa1 − VtbV�

ts½a4 þ a10 þ ða6 þ a8ÞR1�g½g1ðMΛb
−MpÞ þ g3m2

K− �

þ fVubV�
usa1 − VtbV�

ts½a4 þ a10 þ ða6 þ a8ÞR2�g½t1ðMΛb
þMpÞ − t3m2

K− �γ5ÞuΛb
ðP; sÞ; ð46Þ

MðΛb → Λπ0Þ ¼ i
GF

2
fπūΛðP0; s0Þ

�
VubV�

usa2 − VtbV�
ts

�
3

2
ða9 − a7Þ

��

× f½g1ðMΛb
−MΛÞ þ g3m2

π� þ ½t1ðMΛb
þMΛÞ − t3m2

π�γ5guΛb
ðP; sÞ; ð47Þ

where the coefficients a1; a2;…; a10 are combinations of
the effective Wilson coefficients after Fierz transformation,
which are defined as

a2i−1 ¼ c02i−1 þ
1

Nc
c02i;

a2i ¼ c02i þ
1

Nc
c02i−1; ði ¼ 1; 2;…5Þ; ð48Þ

and R1 ¼ 2m2
P

ðmb−muÞðmqþmuÞ, R2 ¼ 2m2
P

ðmbþmuÞðm1þmuÞ, where the

quark masses are current quark masses. The most general
Lorentz-invariant amplitude for the decay Λb → BfP can
be written as

MðΛb → BfPÞ ¼ iūBf
ðP0; s0ÞðAþ Bγ5ÞuΛb

ðP; sÞ; ð49Þ

where uBf
ðP0; s0Þ is the Dirac spinors for Bf and A and B

are parity-violating S-wave and parity-conserving P-wave

amplitudes, respectively. The corresponding decay rate is
given as [26]

Γ¼ pc

8π

�ðmi þmfÞ2 −m2
P

m2
i

jAj2 þ ðmi −mfÞ2 −m2
P

m2
i

jBj2
�
;

ð50Þ

where mi, mf, and mP are the masses of the initial baryon,
the final baryon, and the pseudoscalar meson, respectively;
pc is the c.m. momentum; and κ ¼ pc

Efþmf
with Ef being the

energy of Bf.
Next, we consider the transition amplitudes for

Λb → BfV decay channels, where V could be ρ, K�,
and J=ψ . Λb → pρ and pK� receive contributions from
the tree as well as QCD and electroweak penguins
operators, whereas Λb → Λρ and ΛJ=ψ receive only tree
and electroweak penguin operator contributions. Thus, we
obtain the corresponding transition amplitudes as [7]

MðΛb → pρ−Þ ¼ GFffiffiffi
2

p fρmρϵ
�μūpðP0; s0Þ½VubV�

uda1 − VtbV�
tdða4 þ a10Þ�ð½g1 − g2ðMΛb

þMpÞ�γμ þ 2g2ðpfÞμ
− f½t1 þ t2ðMΛb

−MpÞ�γμ þ 2t2ðpfÞμgγ5ÞuΛb
ðP; sÞ; ð51Þ

TABLE III. Effective Wilson coefficients for the tree, electroweak, and QCD penguin operators.

c0i k2=m2
b ¼ 0.3 k2=m2

b ¼ 0.5
c01 1.1502 1.502
c02 −0.3125 −0.3125
c03 2.433 × 10−2 þ 1.543 × 10−3i 2.120 × 10−2 þ 5.174 × 10−3i
c04 −5.808 × 10−2 − 4.628 × 10−3i −4.869 × 10−2 − 1.552 × 10−2i
c05 1.733 × 10−2 þ 1.543 × 10−3i 1.420 × 10−2 þ 5.174 × 10−3i
c06 −6.668 × 10−2 − 4.628 × 10−3i −5.729 × 10−2 − 1.552 × 10−3i
c07 −1.435 × 10−4 − 2.963 × 10−5i −8.340 × 10−5 − 9.938 × 10−5i
c08 3.389 × 10−4 3.839 × 10−4

c09 −1.023 × 10−2 − 2.963 × 10−5i −1.017 × 10−2 − 9.938 × 10−5i
c010 1.959 × 10−3 1.959 × 10−3
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MðΛb → pK�−Þ ¼ GFffiffiffi
2

p fρmKϵ
�μūpðP0; s0Þ½VubV�

usa1 − VtbV�
tsða4 þ a10Þ�ð½g1 − g2ðMΛb

þMpÞ�γμ þ 2g2ðpfÞμ
− f½t1 þ t2ðMΛb

−MpÞ�γμ þ 2t2ðpfÞμgγ5ÞuΛb
ðP; sÞ; ð52Þ

MðΛb → Λρ0Þ ¼ GF

2
fρmρϵ

�μūΛðP0; s0Þ
�
VubV�

usa2 − VtbV�
ts
3

2
ða9 þ a7Þ

�
ð½g1 − g2ðMΛb

þMΛÞ�γμ þ 2t2ðpfÞμ
− f½t1 þ t2ðMΛb

−MΛÞ�γμ þ 2t2ðpfÞμgγ5ÞuΛb
ðP; sÞ; ð53Þ

MðΛb → ΛJ=ψÞ ¼ GFffiffiffi
2

p fJψmJψϵ
�μūΛðP0; s0Þ½VcbV�

csa2 − VtbV�
tsða3 þ a5 þ a7 þ a9Þ�ð½g1 − g2ðMΛb

þMΛÞ�γμ þ 2g2ðpfÞμ
− f½t1 þ t2ðMΛb

−MΛÞ�γμ þ 2t2ðpfÞμgγ5ÞuΛb
ðP; sÞ; ð54Þ

where ϵμ is the polarization vector of the emitted vector meson. For the Λb → BfV decay mode, the general form for the
amplitude is

MðΛb → BfVÞ ¼ ūBf
ðP0; s0Þϵ�μ½A1γμγ5 þ A2ðpfÞμγ5 þ B1γμ þ B2ðpfÞμ�uΛb

ðP; sÞ: ð55Þ

The corresponding decay rate is given as [7]

Γ¼pc

8π

Efþmf

mi

�
2ðjSj2þjP2j2Þþ

E2
V

m2
V
ðjSþDj2þjP1j2Þ

�
;

ð56Þ

where mVðEVÞ is the mass (energy) of the vector meson V,
and

S ¼ −A1;

D ¼ −
p2
c

EVðEf þmfÞ
ðA1 −miA2Þ;

P1 ¼
pc

EV

�
mi þmf

Ef þmf
B1 þmiB2

�
;

P2 ¼
pc

Ef þmf
B1: ð57Þ

Nc includes the nonfactorizable effects that are model and
process dependent and cannot be theoretically evaluated
accurately. Therefore, we choose to determine the values of
Nc by experiment. Since the nonfactorization information
included in Nc may be decay-channel dependent, the value
of Nc may be different for different decay channels. This
difference will be ignored due to our lack of knowledge
about different decay-channel dependence. Furthermore,
the nonfactorizable contribution can be absorbed into the
effective parameters ai after the Fierz transformation with
ζi describing the nonfactorizable effects, which is defined
as 1=ðNcÞi ¼ 1=3þ ζi, and may be different for each
operator. However, since we do not have enough informa-
tion about the operator dependence of ζi, we assume ζi is
universal for each operator, and hence we use that
ðNcÞi ¼ Nc. Nc, as the effective number of colors, is
treated as a free parameter modeling the nonfactorizable

contribution to the matrix elements, and its value can be
extracted from the experimental data for the two body
nonleptonic B decays. The analysis of B → Dπ data leads
to Nc ∼ 2 [27]. On the other hand, Mannel and Roberts
used Nc ¼ ∞ to study nonleptonic decays of Λb. The
dominant contributions come from the coefficients a1 and
a2 for current-current amplitudes, a4 and a6 for QCD
penguin induced amplitudes, and a9 for electroweak
penguin induced amplitudes. It can be seen that the
coefficients a1, a4, a6, and a9 are not sensitive to Nc,
whereas other coefficients depend on Nc strongly.
For the decays of which amplitudes depend mainly on
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FIG. 8 (color online). Branching ratios as a function of Nc

when k2=m2
b ¼ 0.5. In our calculation, the upper (lower) curved

solid line corresponds to the upper (lower) boundary of the
branching ratio of Λb → ΛJ=ψ , the upper (lower) curved dashed
line corresponds to the upper (lower) boundary of the branching
ratio of Λb → pK−, and the upper (lower) curved dotted line
corresponds to the upper (lower) boundary of the branching ratio
of Λb → pπ−. The upper and lower horizontal solid, dashed, and
dotted lines correspond to the ranges of the experimental results
for Λb → ΛJ=ψ, Λb → pK−, and Λb → pπ−.
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Nc-insensitive coefficients, their decay rates can be reliably
predicted within the factorization approach even in the
absence of the information on nonfactorizable effects.
Numerically, the parameters appearing in the decay

widths and the masses and decay constants of mesons
are taken to have the following values [4,7]:
GF ¼ 1.16637 × 10−5 GeV−2, mπ− ¼ 0.1396 GeV, mπ0 ¼
0.135 GeV, mK− ¼ 0.4936 GeV, mK� ¼ 0.892 GeV,
mρ−¼0.775GeV, mJ=ψ ¼ 3.096 GeV, fπ ¼ 130.7 MeV,
fK ¼ 159.8 MeV, fK� ¼ 221 MeV, fρ ¼ 221 MeV,
fJ=ψ¼0.395GeV, and τðΛbÞ¼ ð1.425�0.032Þ×10−12 s.
The CKM matrix, which should be determined from
experimental data, has the following form in terms of
the Wolfenstein parameters, A, λ, ρ, and η [4]:

0
BB@

1 − 1
2
λ2 λ Aλ3ðρ − iηÞ

−λ 1 − 1
2
λ2 Aλ2

Aλ3ð1 − ρ − iηÞ −Aλ2 1

1
CCA: ð58Þ

We use λ¼ 0.2235, A ¼ 0.811, ρmin ¼ 0.09, ρmax ¼ 0.254,
ηmin ¼ 0.323, and ηmax ¼ 0.442. The results are shown in
Figs. 8 and 9. In our calculation, we have several param-
eters: k2, Nc, κ, mD, and the CKM matrix elements. When
k2=m2

b ¼ 0.5ð0.3Þ, we let κ range from 0.02 to 0.08 GeV3

andmD range from 0.7 to 0.8 MeV. In the allowed ranges of
mD, κ, and the CKM matrix elements, we can get the upper
and lower boundaries of branching ratios as a function of
Nc. Then, with the experimental data for the branching
ratios of the decays Λb → ΛJ=ψ , Λb → pπ−, and
Λb → pK−, we extract the allowed range for Nc from
the comparison of the theoretical results and the exper-
imental data. We exclude the ranges of Nc in which the
entire calculated band lies outside the experimental band
for every decay channel. As we can see from Fig. 8
(k2=m2

b ¼ 0.5), for Λb → pπ−, the intersection of the upper
boundary of calculation results and the smallest experi-
mental value corresponds to Nc ¼ 0.62, and the lower
boundary of calculation results cannot reach the biggest
value of experiment when Nc ∼∞. Therefore, we should
excludeNc < 0.62 and obtain the range of Nc as ½0.62;∞Þ.
In a similar way, we get the range of Nc as ½0.70;∞Þ from
Λb → pK−. As for the decay Λb → ΛJψ, the lower
calculation boundary intersects with the biggest experi-
mental result at the point Nc ¼ 0.98, and the upper
calculation boundary intersects with the smallest exper-
imental result when Nc ¼ 2.65, 6.08. Therefore, we should
exclude Nc < 0.98 and 2.65 < Nc < 6.08 and get the
range of Nc as ½0.98; 2.65� ∪ ½6.08;∞Þ. Then, we obtain
the overlap of the ranges of Nc from the three decay
channels as ½0.98; 2.65� ∪ ½6.08;∞Þ (k2=m2

b ¼ 0.5).
Similarly, from Fig. 9 (k2=m2

b ¼ 0.3), we obtain the range
ofNc as ½0.95; 2.63� ∪ ½5.98;∞Þ. We can see that the decay
Λb → ΛJ=ψ plays the main role in limiting the range ofNc.
This is because the decay amplitude of Λb → ΛJ=ψ
includes coefficients a2, a3, a5, and a7, which are sensitive
to Nc, while for Λb → pπ− and Λb → pK−, their ampli-
tudes depend mainly on other coefficients (a1, a4, and a6)
that are insensitive to Nc. Then, we can give the predictions
for the branching ratios of the decays Λb → Λπ0ðρ0Þ and
Λb → pρ−ðK�Þ. The numerical results are shown in
Tables IV and V. These predictions will be tested in future
experiments.
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FIG. 9 (color online). Branching ratios as a function of Nc
when k2=m2

b ¼ 0.3. In our calculation, the upper (lower) curved
solid line corresponds to the upper (lower) boundary of the
branching ratio of Λb → ΛJ=ψ , the upper (lower) curved dashed
line corresponds to the upper (lower) boundary of the branching
ratio of Λb → pK−, and the upper (lower) curved dotted line
corresponds to the upper (lower) boundary of the branching ratio
of Λb → pπ. The upper and lower horizontal solid, dashed, and
dotted lines correspond to the ranges of the experimental results
for Λb → ΛJ=ψ, Λb → pK−, and Λb → pπ−.

TABLE IV. The smallest/biggest predicted values of branching ratios for Λb → Λπ0, Λρ, pρ−, and pK� in the
obtained ranges of Nc when q2=m2

b ¼ 0.3. The uncertainties when Nc takes the limiting values are caused by the
uncertainties of mD and κ.

Decay processes Nc ∈ ½0.95; 2.62� Nc ∈ ½5.98;∞Þ
Λb → Λρ0ð10−8Þ 1.13 ∼ 1.72=7.76 ∼ 11.49 1.56 ∼ 2.11=10.68 ∼ 13.86
Λb → Λπ0ð10−8Þ 0.81 ∼ 1.31=7.97 ∼ 10.67 1.07 ∼ 1.43=7.97 ∼ 10.67
Λb → pK�ð10−6Þ 1.75 ∼ 2.76=4.05 ∼ 6.37 3.31 ∼ 3.43=7.22 ∼ 7.93
Λb → pρ−ð10−6Þ 1.61 ∼ 2.40=3.68 ∼ 5.50 2.87 ∼ 3.15=6.23 ∼ 7.20
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V. SUMMARY AND DISCUSSION

In the quark-diquark model, a light baryon that is
composed of u, d, and s quarks can be regarded as a
bound state of various quark and light diquark configura-
tions. The Clebsch–Gordan coefficients of this configura-
tions are given based on the SUð6Þ wave functions. With
this picture, we have established the BS equation for the
configuration including a scalar diquark in the light baryon.
The kernel for the BS equation contains the scalar confine-
ment and one-gluon-exchange terms, which are motivated
by the potential model and successfully used in the case
mesons and heavy baryons containing a single heavy quark
and two heavy quarks. The BS equations for Λ and p have
been solved numerically under the covariant instantaneous
approximation. Then, we have calculated the form factors
for Λb → ΛðpÞ transitions using the obtained BS wave
functions. Working in the factorization approach, we have
obtained the transition amplitudes for various decay proc-
esses and consequently calculated the decay branching
ratios. In the calculation of Λb decays, the Wilson coef-
ficients for the tree and penguin operators at the scale mb
are involved. We have used the renormalization-scheme-
independent Wilson coefficients. One of the major uncer-
tainties in our calculations is the effective parameter Nc.

We have compared theoretical results for the branching
ratios of Λb → ΛJ=ψ , Λb → pπ−, and Λb → pK− with
experimental results and extracted allowed ranges for Nc,
within which we have obtained the predictions for the
branching ratios of Λb→Λρ0ðπ0Þ and Λb →pK�ðρ−Þ. It
should be noted that the decay modes Λb → Λπ0 and Λb →
Λρ0 have the smallest branching ratios in comparison to
others. This is because these decay modes are suppressed
by the CKM matrix elements and receive contributions
from a2, which are smaller. Furthermore, in these two
decay modes, besides tree operator contributions, there are
only electroweak penguin operator contributions that are
believed to be smaller compared to those of QCD penguin
operators because of the smallness of electroweak Wilson
coefficients. Thus, the branching ratios of Λb → Λπ0 and
Λb → Λρ0 in our model are expected to be two orders
smaller than those of Λb → pπ−; pρ−, pK−, and pK�
decays.
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