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We present a detailed analysis of the heavy-to-light semileptonic decays of the Λb and Λc baryons
Λb → pl−ν̄l and Λc → nlþνl in the covariant confined quark model. We calculate the invariant and
helicity amplitudes of the two processes which are then used to analyze their angular decay distributions,
their rates and asymmetry parameters.
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I. INTRODUCTION

Heavy-to-light semileptonic decays of heavy baryons are
important physical processes for the determination of the
Cabibbo-Kobayashi-Maskawa (CKM) matrix elements. In
particular, a study of the exclusive decay Λb → pμ−ν̄e at
the Large Hadron Collider (LHC) affords the opportunity to
determine the CKM matrix element jVubj. A discrepancy
between the extractions of jVubj from the exclusive and
inclusive semileptonic B meson decays at the B factories
[1] is a long-standing puzzle in the heavy flavor sector of
the Standard Model. Presently, the Particle Data Group [1]
reports the following averaged values for jVubj:

jVubjexcl ¼ ð4.41� 0.15þ0.15
−0.17Þ × 10−3;

jVubjincl ¼ ð3.23� 0.3Þ × 10−3: ð1Þ

The exclusive result for jVubjwas extracted from using data
from the Belle [2] and BABAR [3] Collaborations for the
semileptonic B̄ → πþl−ν̄l decay rate together with calcu-
lations for the B → π transition form factors in lattice QCD
[4]. Compared to the B meson semileptonic decays the
baryon transition Λb → p has an edge over the meson
decay because the final state proton has a very distinct
experimental signature. It is therefore important to provide
a thorough theoretical decay analysis of the decay Λb →
pl−ν̄l starting from a determination of the vector and axial
form factors describing the current-induced Λb → p tran-
sition matrix element. The calculation of the Λb → p form
factors has been performed before using different versions

of QCD sum rules [5–10], quark models [11–14] and lattice
QCD [15]. In this paper we present calculations for the
form factors characterizing the Λb → pl−ν̄l and Λc →
nlþνl transitions covariant confined quark model [16–23].

II. Λb → pl−ν̄l AND Λc → nlþνl MATRIX
ELEMENTS AND OBSERVABLES

The effective Fermi Lagrangian for the semileptonic
transitions b → ul−ν̄l and c → dlþνl reads

Leff ¼
GFffiffiffi
2

p
�
VubðūaOμbaÞðl̄OμνlÞ

þ Vcdðc̄aOμdaÞðl̄OμνlÞ
�
þ H:c:; ð2Þ

where Oμ ¼ γμð1 − γ5Þ and Vqq0 are the Kobayashi-
Maskawa matrix elements (jVubj ¼ 0.00389, jVcdj ¼
0.230).
This Lagrangian generates transitions on the quark

level which in turn determine the heavy-to-light baryon
transition matrix elements. The corresponding matrix
elements of the exclusive transition Λb → pl−ν̄l and Λc →
nlþνl are defined by

MðΛb → pl−ν̄lÞ ¼
GFffiffiffi
2

p VubhpjūOμbjΛbijμl;

MðΛc → nlþνlÞ ¼
GFffiffiffi
2

p V�
cdhnjd̄OμcjΛcijμl; ð3Þ
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where jμl is the leptonic current formed by the correspond-
ing charged lepton and (anti)neutrino.
The hadronic matrix elements hpjūOμbjΛbi and

hnjd̄OμcjΛci in (3) can be written in terms of six dimen-
sionless, invariant form factors fJi (i ¼ 1, 2, 3 and J ¼ V,
A), viz.

hB2js̄γμbjB1i ¼ ū2ðp2Þ½fV1 ðq2Þγμ − fV2 ðq2Þiσμq=M1

þ fV3 ðq2Þqμ=M1�u1ðp1Þ;
hB2js̄γμγ5bjB1i ¼ ū2ðp2Þ½fA1 ðq2Þγμ − fA2 ðq2Þiσμq=M1

þ fA3 ðq2Þqμ=M1�γ5u1ðp1Þ; ð4Þ

where q ¼ p1 − p2. Since we will also discuss lepton mass
effects, it is necessary to include the scalar form factors fV3
and fA3 in the expansion (4). The details of how to calculate
the six form factors in the covariant confined quark model
approach was discussed in our previous paper [22,23].
It is convenient to analyze the semileptonic decays of

heavy baryons in terms of helicity amplitudes Hλ2λj which
are linearly related to the invariant form factors fVi and fAi
(see details in Refs. [22–26]). Here we shall employ a
generic notation such that the parent and daughter baryons
are denoted by B1 and B2. The helicities of the daughter

baryon B2 and the effective current are denoted by λ2 and
λj, respectively. The pertinent relation is

Hλ2λj ¼ hB2ðλ2Þjq̄0OμqjB1ðλ1Þiϵ†μðλjÞ ¼ HV
λ2λj

−HA
λ2λj

:

ð5Þ

The helicity amplitudes have been split into their vector
ðHV

λ2λj
Þ and axial-vector ðHA

λ2λj
Þ parts. We shall work in the

rest frame of the parent baryon B1 with the daughter
baryon B2 moving in the negative z direction such
that pμ

1 ¼ ðM1; 0Þ, pμ
2 ¼ ðE2; 0; 0;−jp2jÞ and qμ ¼

ðq0; 0; 0; jp2jÞ. Further we use the following definitions
of kinematical variables q0 ¼ ðMþM− þ q2Þ=ð2M1Þ,
jp2j ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffi
QþQ−

p
=2M1 and E2 ¼ M1 − q0 ¼ ðM2

1 þM2
2−

q2Þ=ð2M1Þ, where q2 is the momentum squared transferred
to the leptonic pair. We have introduced the notation
M� ¼ M1 �M2, Q� ¼ M2

� − q2. Angular momentum
conservation fixes the helicity λ1 of the parent baryon such
that λ1 ¼ −λ2 þ λj. The relations between the helicity
amplitudes HV;A

λ2λj
and the invariant amplitudes are given

by [22,23]

HV
�1

2
�1

¼
ffiffiffiffiffiffiffiffiffi
2Q−

p �
fV1 þMþ

M1

fV2

�
; HA

�1
2
�1

¼ � ffiffiffiffiffiffiffiffiffi
2Qþ

p �
fA1 −

M−

M1

fA2

�
;

HV
�1

2
0
¼

ffiffiffiffiffiffiffi
Q−

q2

s �
MþfV1 þ q2

M1

fV2

�
; HA

�1
2
0
¼ �

ffiffiffiffiffiffiffi
Qþ
q2

s �
M−fA1 −

q2

M1

fA2

�
;

HV
�1

2
�t

¼ �
ffiffiffiffiffiffiffi
Qþ
q2

s �
M−fV1 þ q2

M1

fV3

�
; HA

�1
2
�t

¼ �
ffiffiffiffiffiffiffi
Q−

q2

s �
MþfA1 −

q2

M1

fA3

�
: ð6Þ

The scalar helicity component is denoted by λj ¼ t. The scalar helicity amplitudes contribute only for nonzero charged
lepton masses. As in Ref. [22] we introduce the following combinations of helicity amplitudes:

HU ¼ jH1
2
1j2 þ jH−1

2
−1j2 transverse unpolarized ðpcÞ;

HL ¼ jH1
2
0j2 þ jH−1

2
0j2 longitudinal unpolarized ðpcÞ;

HS ¼ jH1
2
tj2 þ jH−1

2
tj2 scalar unpolarized ðpcÞ:

HP ¼ jH1
2
1j2 − jH−1

2
−1j2 transverse parity-odd polarized ðpvÞ;

HLP
¼ jH1

2
0j2 − jH−1

2
0j2 longitudinal polarized ðpvÞ;

HSP ¼ jH1
2
tj2 − jH−1

2
tj2 scalar polarized ðpvÞ;

HLS ¼ H1
2
tH1

2
0 þH−1

2
tH−1

2
0 longitudinal-scalar interference ðpcÞ:

ð7Þ

We have indicated the parity properties of the seven combinations in round brackets. The partial helicity width ΓI and
branching ratio BI corresponding to one of the seven specific combinations of differential helicity amplitudes in (7) are
defined as

ΓI ¼
Z

M2
−

m2
l

dq2
dΓI

dq2
; BI ¼ ΓIτ;

dΓI

dq2
¼ 1

2

G2
F

ð2πÞ3 jVQqj2
jp2j
12M2

1

q2
�
1−

m2
l

q2

�
2

HI; I ¼U;L;S;P;LP;SP;LS; ð8Þ
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where τ is the lifetime of the parent baryon: τΛb
¼ 1.425 ×

10−12 s and τΛc
¼ 0.2 × 10−12 s. For the Λb → pþ l−ν̄l

and Λc → nþ lþνl decay widths and the asymmetry
parameter αlFB [forward-backward asymmetry of the
charged leptons in the W− off-shell rest frame or in the
ðl; νlÞ c.m. frame] one finds [26]

Γ ¼
Z

M2
−

m2
l

dq2
dΓ
dq2

;

dΓ ¼ dΓU þ dΓL þ m2
l

2q2
ðdΓU þ dΓL þ 3dΓSÞ ð9Þ

and

αlFB ¼
~Γ
Γ
; ~Γ ¼

Z
M2

−

m2
l

dq2
d ~Γ
dq2

;

d ~Γ ¼ 3

4

�
�dΓP −

2m2
l

q2
dΓLS

�
: ð10Þ

where the plus/minus signs refer to the Λb → pl−ν̄l and
Λc → nlþνl cases, respectively [26].

III. THE ΛQ → N TRANSITIONS IN THE
COVARIANT CONFINED QUARK MODEL

For the description of the couplings of the heavy baryons
ΛQ (Q ¼ b, c) and nucleons to their constituent quarks we
employ generic Lagrangians which [12,20,27]

ΛQ∶ L
ΛQ

int ðxÞ ¼ gΛQ
Λ̄QðxÞ · JΛQ

ðxÞ þ H:c:;

JΛQ
ðxÞ ¼

Z
dx1

Z
dx2

Z
dx3FΛQ

ðx; x1; x2; x3Þϵa1a2a3Qa1ðx1Þua2ðx2ÞCγ5da3ðx3Þ; ð11Þ

N∶ LN
intðxÞ ¼ gNN̄ðxÞ · JNðxÞ þ H:c:;

JNðxÞ ¼ ð1 − xNÞJVN þ xNJTN;

JVpðxÞ ¼
Z

dx1

Z
dx2

Z
dx3FNðx; x1; x2; x3Þϵa1a2a3γμγ5da1ðx1Þua2ðx2ÞCγμua3ðx3Þ;

JTpðxÞ ¼
Z

dx1

Z
dx2

Z
dx3FNðx; x1; x2; x3Þϵa1a2a3

1

2
σμνγ5da1ðx1Þua2ðx2ÞCσμνua3ðx3Þ;

JVn ðxÞ ¼ −
Z

dx1

Z
dx2

Z
dx3FNðx; x1; x2; x3Þϵa1a2a3γμγ5ua1ðx1Þda2ðx2ÞCγμda3ðx3Þ;

JTnðxÞ ¼ −
Z

dx1

Z
dx2

Z
dx3FNðx; x1; x2; x3Þϵa1a2a3

1

2
σμνγ5ua1ðx1Þda2ðx2ÞCσμνda3ðx3Þ: ð12Þ

The color index is denoted by a and C ¼ γ0γ2 is the
charge conjugation matrix. In the ΛQ baryon case we take
the u and d quarks to be in a S ¼ 0 and I ¼ 0 ½ud�
diquark configuration antisymmetric in spin and isospin.
In the case of the nucleon we use an interpolating current
of the so-called vector current variety [20], which
contains two u quarks (in case of the proton) or two
d quarks (in case of the neutron) in a symmetric diquark
configuration with spin and isospin equal to 1. Note that
these currents are fully symmetric in configuration, spin
and isospin space. In particular, using Fierz transforma-
tions for spin matrices one can show (see details in
Ref. [28] and our explanation below) that these currents
can be rewritten in terms of diquark with spin and isospin
equal to 0 and in manifestly spin-isospin symmetric form,
where nucleon current with both diquark configurations
enter with equal weight.
In particular, when constructing interpolating baryon

currents it is convenient to use Fierz transformations and

corresponding identities in order to interchange the quark
fields. First we specify five possible spin structures

Jαβ;ρσ ¼ Γαβ
1 ⊗ ðCΓ2Þρσ ð13Þ

defining the Fierz transformation of the baryon currents,

P ¼ I ⊗ Cγ5;

S ¼ γ5 ⊗ C;

A ¼ γμ ⊗ Cγ5γμ;

V ¼ γμγ5 ⊗ Cγμ;

T ¼ 1

2
σμνγ5 ⊗ Cσμν: ð14Þ

The Fierz transformation of the structures J ¼
fP; S; A; V; Tg read
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P ¼ 1

4
ð ~Pþ ~Sþ ~Aþ ~V þ ~TÞ;

S ¼ 1

4
ð ~Pþ ~S − ~A − ~V þ ~TÞ;

A ¼ ~P − ~S −
1

2
ð ~A − ~VÞ;

V ¼ ~P − ~Sþ 1

2
ð ~A − ~VÞ;

T ¼ 3

2
ð ~Pþ ~SÞ − 1

2
~T: ð15Þ

Next we show that vector and tensor nucleon currents
containing diquark with spin and isospin equal to one
can be transformed to the currents containing diquark
with spin and isospin equal to zero using the sym-
metry property of the nucleon currents in the configu-
ration space [i.e. the correlation function FNðx; x1; x2; x3Þ
is symmetric under permutation of quark coordinates
x1; x2; x3]. See e.g. how it works for the proton (for
the neutron one can proceed by analogy changing
u ↔ d),

JVpðxÞ ¼
Z

dx1

Z
dx2

Z
dx3FNðx; x1; x2; x3Þϵa1a2a3γμγ5da1ðx1Þua2ðx2ÞCγμua3ðx3Þ

¼ 2

3
½2JPpðxÞ − 2JSpðxÞ þ JApðxÞ�

¼ 2

3

Z
dx1

Z
dx2

Z
dx3FNðx; x1; x2; x3Þϵa1a2a3 ½2ua1ðx1Þua2ðx2ÞCγ5da3ðx3Þ − 2γ5ua1ðx1Þua2ðx2ÞCda3ðx3Þ

þ γμua1ðx1Þua2ðx2ÞCγμγ5da3ðx3Þ� ð16Þ

and

JTpðxÞ ¼
Z

dx1

Z
dx2

Z
dx3FNðx; x1; x2; x3Þϵa1a2a3

1

2
σμνγ5da1ðx1Þua2ðx2ÞCσμνua3ðx3Þ

¼ 2½JPpðxÞ þ JSpðxÞ�

¼ 2

Z
dx1

Z
dx2

Z
dx3FNðx; x1; x2; x3Þϵa1a2a3 ½ua1ðx1Þua2ðx2ÞCγ5da3ðx3Þ þ γ5ua1ðx1Þua2ðx2ÞCda3ðx3Þ�: ð17Þ

It is clear that nucleon currents can be written in manifestly
spin-isospin invariant form containing currents with two
possible types of diquarks with equal weight,

Jð1Þp ðxÞ ¼ 1

2

�
JVpðxÞ þ

2

3
ð2JPpðxÞ − 2JSpðxÞ þ JApðxÞÞ

�
;

Jð2Þp ðxÞ ¼ 1

2
½JTpðxÞ þ 2ðJPpðxÞ þ JSpðxÞÞ�: ð18Þ

The nonlocal vertex functions in momentum space are
denoted by Φ̄Hð−P2Þ and are obtained from the Fourier
transformations of the vertex functions FH entering in
Eqs. (11) and (12). In the numerical calculations we choose
a simple Gaussian form for the vertex functions (for both
mesons and baryons),

Φ̄Hð−P2Þ ¼ expðP2=Λ2
HÞ; ð19Þ

where ΛH is a size parameter describing the size of the
distribution of the quarks inside a given hadron H. The
values for these parameters were fixed before in [19–23].
We would like to stress that the Minkowskian momentum

variable P2 turns into the Euclidean form −P2
E needed for

the appropriate falloff behavior of the correlation function
(19) in the Euclidean region. We emphasize that any choice
for the correlation function Φ̄H is acceptable as long as it
falls off sufficiently fast in the ultraviolet region of
Euclidean space. The choice of a Gaussian form for Φ̄H
has obvious calculational advantages.
For given values of the size parameters ΛH the coupling

constants gΛQ
and gN are determined by the compositeness

condition suggested by Weinberg [29] and Salam [30] (for
a review, see [31]) and extensively used in our approach
(for details, see [32]). The compositeness condition implies
that the renormalization constant of the hadron wave
function is set equal to zero,

ZH ¼ 1 − Σ0
H ¼ 0; ð20Þ

FIG. 1 (color online). Mass operator of ΛQ baryon.
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where Σ0
H is the on-shell derivative of the hadron mass

function ΣH with respect to its momentum. In Fig. 1 we
present as an example the diagram corresponding to the
mass operator of the ΛQ baryon. The compositeness
condition can be seen to provide for the correct charge
normalization for a charged bound state (see e.g. [19]).
How to calculate the matrix element of the baryonic

transitions has been discussed in detail in our previous
papers [20,22,23]. In our approach semileptonic transitions
between baryons are described by a two-loop Feynman-
type diagram involving nonlocal vertex functions as shown
in Fig. 2.

In the calculation of the quark-loop diagram (Fig. 2) we
use the set of model parameters fixed in our previous
studies. The model parameters are the constituent quark
masses mq and the infrared cutoff parameter λ responsible
for quark confinement. They are taken from a fit done in the
papers [19–21]:

mu ms mc mb λ
0.235 0.424 2.16 5.09 0.181 GeV

ð21Þ

It is a big advantage of our approach that we are able to
reproduce data on meson and baryon properties with
the same (universal) masses of the constituent quarks.
The crucial point in such a unified description is taken into
account for the quark confinement. Again for all diagrams
(matrix elements) in both meson and baryon sectors we use
the universal confinement scale.
The dimensional size parameters Λ in Eq. (19) and the

dimensionless parameter xN in Eq. (12) characterizing the
vector and tensor current mixing have been determined in
[20,22] by a fit to the magnetic moments of nucleons and to
the semileptonic decays Λb → Λcl−ν̄l and Λc → Λlþνl.
The resulting values are

f1
V q2

f2
V q2

f3
V q2

0 5 10 15 20

0.2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

q2

FIG. 3 (color online). q2 dependence of the vector form factors
for the Λb → p transition.

f1
A q2

f2
A q2

f3
A q2

0 5 10 15 20

1.0

0.5

0.0

0.5

1.0

q2

FIG. 4 (color online). q2 dependence of the axial form factors
for the Λb → p transition.
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0.5

0.6

0.7
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FIG. 5 (color online). q2 dependence of the vector form factors
for the Λc → n transition.
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A q2

f3
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0.0 0.5 1.0 1.5
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0.4
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FIG. 6 (color online). q2 dependence of the axial form factors
for the Λc → n transition.

FIG. 2 (color online). Diagrams contributing to the semilep-
tonic decays of ΛQ baryons.
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xN ΛN ΛΛs
ΛΛc

ΛΛb

0.8 0.50 0.492 0.867 0.571 GeV
ð22Þ

It should be clear that the evaluation of the form factors is
technically quite intricate. It involves the calculation of a
two-loop Feynman diagram with a complex spin structure
resulting from the quark propagators and the vertex
functions which leads to a number of two-loop tensor
integrals. In order to tackle this difficult task we have
automated the calculation in the form of FORM and
FORTRAN packages written for this purpose.
Theq2 behavior of the form factors are shown inFigs. (3–6).

The results of our numerical calculations are well represented
by a double-pole parametrization of the form

fðŝÞ ¼ fð0Þ 1

1 − aŝþ bŝ2
; ð23Þ

where ŝ ¼ q2=M2
1. Using such a parametrization accelerates

the necessary q2 integrations which can be done using the

parametrization (23) without having to do a numerical
evaluation of the loop diagram for each q2 value separately.
The values of fð0Þ, a and b are listed in Tables I and II. Note
that the dominant form factors fV=A1 in Tables I and II are very
close to a dipole formsince onehas

ffiffiffi
b

p
∼ a=2 in all four cases.

The effective dipole mass is given by meff ¼ M1=
ffiffiffiffiffiffiffiffi
a=2

p
or

meff ¼ M1=b1=4. In theΛb → p case the effective dipolemass
is very close to the average of the B;B� meson masses. In the

TABLE IV. Λc → n transitions: Comparison of our form factors values at q2 ¼ 0 and q2 ¼ q2max to those obtained in [10,14].

fV1 fV2 fV3 fA1 fA2 fA3

q2 ¼ 0 [10] 0.59þ0.15
−0.11 0.43þ0.13

−0.12 � � � 0.55þ0.14
−0.15 −0.16þ0.08

−0.05 � � �
[14] 0.1081 0.0311 � � � 0.1065 −0.0064 � � �
Our 0.470 0.246 0.039 0.414 −0.073 −0.328

q2 ¼ q2max [14] 0.187 0.0652 � � � 0.187 −0.0214 � � �
Our 0.721 0.400 0.033 0.602 −0.096 −0.550

TABLE III. Λb → p transitions: Comparison of our form factors at q2 ¼ 0 and q2 ¼ q2max with those obtained in [10,14].

fV1 fV2 fV3 fA1 fA2 fA3

q2 ¼ 0 [10] 0.12þ0.03
−0.04 0.047þ0.015

−0.013 � � � 0.12þ0.03
−0.03 −0.016þ0.007

−0.005 � � �
[14] 0.1131 0.0356 � � � 0.1112 0.0097 � � �
Our 0.080 0.036 −0.005 0.077 −0.001 −0.046

q2 ¼ q2max [14] 0.626 0.231 � � � 0.581 −0.089 � � �
Our 1.254 0.801 −0.300 1.030 0.082 −1.105

TABLE II. Parameters for the approximated form factors in Eq. (23) for the Λc → n transitions.

fV1 fV2 fV3 fA1 fA2 fA3

fð0Þ 0.470 0.247 0.038 0.414 −0.073 −0.328
a 1.111 1.240 0.308 0.978 0.781 1.330
b 0.303 0.390 1.998 0.235 0.225 0.486

TABLE I. Parameters for the approximated form factors in Eq. (23) for the Λb → p transitions.

fV1 fV2 fV3 fA1 fA2 fA3

fð0Þ 0.090 0.043 −0.009 0.085 0.001 −0.055
a 2.262 2.380 2.592 2.213 2.793 2.403
b 1.333 1.466 1.720 1.286 1.976 1.491

TABLE V. Total BðΛQ → NlνlÞ and partial BIðΛQ → NlνlÞ
helicity contributions to branching ratios (in units of 10−4).

Our results

Mode B BU BL BS

Λb → pe−ν̄e 2.9 1.6 1.3 ≃0
Λb → pμ−ν̄μ 2.9 1.6 1.3 ≃0
Λb → pτ−ν̄τ 2.1 1.0 0.7 0.2
Λc → neþνe 20.7 8.3 12.3 ≃0
Λc → nμþνμ 20.2 8.1 11.3 0.5

THOMAS GUTSCHE et al. PHYSICAL REVIEW D 90, 114033 (2014)

114033-6



Λc → n case the effective dipole mass is about 50% higher
than the average of the D;D� meson masses.
In Tables III and IV we list our form factor results for

q2 ¼ 0 and q2 ¼ q2max and compare them to the results of
the light-front diquark model calculation of [14] and the
QCD light-cone sum rules of [10].
It is interesting to explore how the present form factors

are related to the corresponding charged or neutral current
form factors ΛQ → Λ. In the limit of SUð3Þ the ΛQ → Λ
and ΛQ → N (N ¼ p, n) form factors are related by
FðΛQ → ΛÞ ¼ ffiffiffiffiffiffiffiffi

2=3
p

FðΛQ → NÞ. This can be seen by
using the 3̄ ⊗ 3 → 8 Clebsch-Gordan (CG) table listed in
[33]. Based on the observation that the ½ud� diquark is the
(Y ¼ 2=3, I ¼ 0) member of the 3̄ multiplet, one needs the
CG coefficients

ΛQ → Λ∶
	
3̄;−

2

3
; 0; 0; 3;

2

3
; 0; 0





8; 0; 0; 0
�

¼
ffiffiffiffiffiffiffiffi
2=3

p
;

ΛQ → N∶
	
3̄;
2

3
; 0; 0; 3;

1

3
;
1

2
;
1

2





8; 1; 12 ; 12
�

¼ 1: ð24Þ

The labeling in (24) proceeds according to the sequence
jR; Y; I; Izi where R denotes the relevant SUð3Þ represen-
tation. As a check on our calculations we have obtained the

same result analytically in the SUð3Þ limit by setting
ΛΛs

¼ ΛN , MΛ ¼ MN , ms ¼ mu.
Our predictions for the branching ratios of the heavy-to-

light transitions are listed in Table V. In Tables VI and VII
we compare our results for the rates [in units of
(jVqq0 j2 ps−1)] with the predictions of other theoretical
approaches. We use the compilations of results given in
Ref. [9]. Most of the approaches give predictions of the
same order of magnitude for the decay rates. The only
sizable disagreement (up to 2 orders of magnitude) occurs
for the full calculations (the first two entries) of Ref. [9] for
bottom-to-light baryontransitions. The results of Ref. [9]
were obtained in the framework of light-cone QCD sum
rules. The last two entries taken from [9] refer to the heavy
quark mass limit and show strong deviations from their full
results. The results for the lepton-side asymmetry param-
eters αlFB are shown in Table VIII. q2-distributions for the
Λ0
b → pμ−ν̄μ and Λþ

c → nμþνμ transition are shown in
Figs. 7 and 8.

TABLE VI. Decay widths Λb → pl−ν̄l (in units of jVubj2 ps−1).

Mode Our result Theoretical predictions

Λb → pe−ν̄e 13.3 6.48 [11]; 7.47 [12]; 4.55 [13]; 7.55 [13]; 11.8 [14]; 19.0þ8.6
−6.9 [10];

250� 85 [9]; 235� 85 [9]; 477� 175 [9]; 3.76� 1.20 [9]
Λb → pμ−ν̄μ 13.3 6.48 [11]; 7.47 [12]; 4.55 [13]; 7.55 [13];

11.8 [14]; 19.0þ8.6
−6.9 [10]; 20.5 [5]; 25.8 [6]; 36.5 [7]; 56.2 [7];

250� 85 [9]; 235� 85 [9]; 478� 175 [9]; 3.84� 1.25 [9]
Λb → pτ−ν̄τ 9.6 4.01 [13]; 6.55 [13]; 312� 105 [9]; 208� 70 [9]; 646� 215 [9]; 1.93� 0.70 [9]

TABLE VII. Decay widths Λc → nlþνl (in units of jVcdj2 ps−1).

Mode Our result Theoretical predictions

Λc → neþνe 0.20 0.26 [12]; 0.20 [13]; 0.27 [13]
8.21� 2.80 [9]; 3.82� 1.20 [9]; 14.40� 5.50 [9]; 2.51� 0.85 [9]

Λc → nμþνμ 0.19 0.26 [12]; 0.20 [13]; 0.27 [13]
8.30� 2.85 [9]; 3.88� 1.25 [9]; 14.60� 5.50 [9]; 2.51� 0.85 [9]

TABLE VIII. Asymmetry parameter αlFB.

Mode Our result

Λb → pe−ν̄e −0.388
Λb → pμ−ν̄μ −0.388
Λb → pτ−ν̄τ −0.434
Λc → neþνe 0.236
Λc → nμþνμ 0.209
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FIG. 7 (color online). q2 distribution for the Λ0
b → pμ−ν̄μ

transition.
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IV. SUMMARY

We have used the covariant constituent quark model
previously developed by us to calculate semileptonic
heavy-to-light transitions of Λb and Λc baryons. We have

performed a detailed analysis of the invariant and helicity
amplitudes, form factors, angular decay distributions, decay
widths and asymmetry parameters. Following our previous
papers [22,23,26,34] we have used the helicity method in
our analysis to provide complete information on the spin
structure of the baryons and the off-shellW boson. We have
not provided an analysis of the polarization of the charged
lepton which, however, can be obtained in a straightforward
manner using the helicity method as described in [26]. Our
predictions will be useful for the ongoing experimental
study of semileptonic heavy-to-light baryon decays.
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