
 

Semileptonic weak decays of antitriplet charmed baryons
in the light-front formalism

C. Q. Geng,1,2,3 Chia-Wei Liu,1,2,3 and Tien-Hsueh Tsai3
1School of Fundamental Physics and Mathematical Sciences, Hangzhou Institute for Advanced Study,

UCAS, Hangzhou 310024, China
2International Centre for Theoretical Physics Asia-Pacific, Beijing/Hangzhou, China

3Department of Physics, National Tsing Hua University, Hsinchu 300, Taiwan

(Received 15 January 2021; accepted 3 March 2021; published 18 March 2021)

We systematically study the semileptonic decays of Bc → Bnlþνl in the light-front constituent
quark model, where Bc represents the antitriplet charmed baryons of ðΞ0

c;Ξþ
c ;Λþ

c Þ and Bn corresponds
to the octet ones. We determine the spin-flavor structures of the constituents in the baryons
with the Fermi statistics and calculate the decay branching ratios (Bs) and averaged asymmetry para-
meters (αs) with the helicity formalism. In particular, we find that BðΛþ

c →Λeþνe;neþνeÞ¼
ð3.55�1.04;0.36�0.15Þ%, BðΞþ

c →Ξ0eþνe;Σ0eþνe;ΛeþνeÞ¼ð11.3�3.35Þ, 0.33�0.09, 0.12�0.04%,
and BðΞ0

c → Ξ−eþνe;Σ−eþνeÞ ¼ ð3.49� 0.95; 0.22� 0.06Þ%. Our results agree with the current exper-
imental data. Our prediction for BðΛþ

c → neþνeÞ is consistent with those in the literature, which can be

measured by the charm facilities, such as BESIII and BELLE. Some of our results for the Ξþð0Þ
c semileptonic

channels can be tested by the experiments at BELLE as well as the ongoing ones at LHCb and BELLEII.

DOI: 10.1103/PhysRevD.103.054018

I. INTRODUCTION

In the recent few years, there have been two important
experiments in charmed baryon physics. One is the
measurement of the absolute branching ratios of BðΞ0

c →
Ξ−πþÞ ¼ ð1.8� 0.5Þ% [1] and BðΞþ

c → Ξ−πþπþÞ ¼
ð2.86� 1.21� 0.38Þ% [2] from the Belle Collaboration,
and the other is the most precise measurement of the Ξ0

c’s
lifetime of τΞ0

c
¼ 154.5� 1.7� 1.6� 1.0 fs from the

LHCb Collaboration [3], which significantly deviates from
the past world averaged value of τΞ0

c
¼ 112þ13

−10 fs in PDG
[4]. Both of them bring us new hints as well as new
problems in charm physics. We are now in a precision era
of charm physics. It is expected that as more high quality
data will be accumulated in the future, stronger constraints
on various baryonic QCDmodels as well as physics beyond
the standard model can be given.
Recently, the antitriplet charm baryon decays have been

extensively discussed in the literature. However, due to the
large nonperturbative effects from the quantum chromo-
dynamics (QCD), the decay amplitudes and observables of
hadrons are very hard to obtain from the QCD first
principle. To avoid the difficulties, various charmed baryon

decay processes have been studied based on the flavor
symmetry of SUð3Þf, such as semileptonic, two-body, and
three-body nonleptonic decays, to get reliable results [5–
24]. It is known that SUð3Þf is an approximate symmetry,
resulting in about 10% of uncertainties for the predictions
inherently. Moreover, the SUð3Þf symmetry itself does not
directly reveal any clue about the QCD dynamics. In fact,
its applications heavily rely on the experimental data as
inputs. In order to have precise calculations, we need a
specific dynamical QCD model to understand each decay
process. For simplicity, we only discuss the semileptonic
processes of the antitriplet charmed baryons in this study,
which involve purely factorizable contributions. There are
several theoretical calculations on these decay processes
with different QCD frameworks in the literature [25–34].
The light front (LF) QCD formalism in the quark model

is a consistent relativistic approach, which has been tested
successfully in the mesonic and light quark sectors in early
times [35,36]. Because of these successes, it has been used
in other generalized systems, such as those containing the
heavy mesons, pentaquarks, and so on [37–44]. Apart from
the charm system, the bottom to charmed baryon non-
leptonic decays have been recently analyzed in the LF
formalism [45]. For a review on the comprehensive
introduction of the LF QCD and its vacuum structure,
one can refer to Ref. [35]. For the LF constituent quark
model (LFCQM), we recommend Ref. [36] and references
therein. The advantage of LFCQM is that we can boost the
reference frame without changing the equation of motion
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because of the commutativity of the LF Hamiltonian and
boost generators. It provides us with a great convenience to
calculate the wave function in different inertial frames
because of the recoil effects in the transition form factors.
This paper is organized as follows. We first present our

formal calculations of the branching ratios and averaged
decay asymmetries in terms of the helicity amplitudes, the
baryonic states in LFCQM, and the baryonic transition
form factors in Sec. II. In Sec. III, we show our numerical
results and compare them with those in the literature. In
Sec. IV, we give our conclusions.

II. FORMALISM

A. Helicity amplitudes and observables

The effective Hamiltonian for the antitriplet charmed
baryon semileptonic weak decays can be written as

Heff ¼
GFffiffiffi
2

p Vcqðν̄llÞV−Aðq̄cÞV−A; ð1Þ

where GF is the Fermi constant, Vcq is the CKM matrix
element, and ðl̄νlÞV−A and ðq̄cÞV−A denote the usual V − A
currents l̄γμð1 − γ5Þνl and q̄γμð1 − γ5Þc with q ¼ d, s,
respectively. The weak transition amplitudes of the anti-
triplet charmed baryons are given by

AðBc → BnlþνlÞ

¼ GFffiffiffi
2

p Vcql̄γμð1 − γ5ÞνlhBnjq̄γμð1 − γ5ÞcjBci; ð2Þ

where the baryon transition matrix elements are para-
metrized by

hBn;pf;S0zjq̄γμð1− γ5ÞcjBc;pi;Szi

¼ ūBn
ðpf;S0zÞ

�
γμf1ðk2Þ− iσμν

kν

MBc

f2ðk2Þþf3ðk2Þ
kμ
MBc

�

×uBc
ðpi;SzÞ

− ūBn
ðpf;S0zÞ

�
γμg1ðk2Þ− iσμν

kν

MBc

g2ðk2Þþg3ðk2Þ
kμ
MBc

�

× γ5uBc
ðpi;SzÞ; ð3Þ

with kμ ¼ pμ
i − pμ

f, σμν ¼ i
2
½γμ; γν�, and fiðk2Þ and giðk2Þ

being the form factors describing the nonperturbative QCD
effect in the timelike range of m2

l < k2 < ðMBc
−MBn

Þ2.
We introduce a set of helicity amplitudesHVðAÞ

λ2λW
to calculate

the decay branching ratios and other physical quantities,
where λ2 and λW represent the helicity quantum numbers of
the daughter baryon and off shell Wþ boson in the decay
processes, respectively. These amplitudes give more intui-
tive physical pictures about the helicity structures of the
decay processes. Furthermore, when we evaluate the
asymmetries of these processes, such as the integrated
(averaged) decay asymmetry, also known as the longi-
tudinal polarization of the daughter baryon, these ampli-
tudes result in much simpler expressions than the
traditional ones. Relations between the helicity amplitudes
and form factors are given by [33,46]

HV
1
2
1
¼

ffiffiffiffiffiffiffiffiffi
2K−

p �
−f1ðk2Þ −

MBc
þMBn

MBc

f2ðk2Þ
�
;

HV
1
2
0
¼

ffiffiffiffiffiffiffi
K−

p ffiffiffiffiffi
k2

p
�
ðMBc

þMBn
Þf1ðk2Þ þ

k2

MBc

f2ðk2Þ
�
;

HV
1
2
t
¼

ffiffiffiffiffiffiffi
Kþ

p ffiffiffiffiffi
k2

p
�
ðMBc

þMBn
Þf1ðk2Þ þ

k2

MBc

f3ðk2Þ
�
;

HA
1
2
1
¼ ffiffiffiffiffiffiffiffiffi

2Kþ
p �

−g1ðk2Þ −
MBc

þMBn

MBc

g2ðk2Þ
�
;

HA
1
2
0
¼

ffiffiffiffiffiffiffi
Kþ

p ffiffiffiffiffi
k2

p
�
ðMBc

−MBn
Þg1ðk2Þ −

k2

MBc

g2ðk2Þ
�
;

HA
1
2
t
¼

ffiffiffiffiffiffiffi
K−

p ffiffiffiffiffi
k2

p
�
ðMBc

−MBn
Þg1ðk2Þ −

k2

MBc

g3ðk2Þ
�
; ð4Þ

where K� ¼ ðMBc
�MBn

Þ2 − k2.
The differential decay widths and asymmetries can be

expressed in the following analytic forms in terms of the
helicity amplitudes with the nonvanishing lepton masses of
ml [19],

dΓ
dk2

¼ 1

3

G2
F

ð2πÞ3 jVqcj2
ðk2 −m2

lÞ2p
8M2

Bc
k2

��
1þ m2

l

2k2

��
jH1

2
1j2 þ jH−1

2
−1j2 þ jH1

2
0j2 þ jH−1

2
0j2

�
þ 3m2

l

2k2

�
jH1

2
tj2 þ jH−1

2
tj2
��

; ð5Þ

hαðk2Þi ¼
R
dk2

ðk2−m2
lÞ2p

8M2
Bc

k2 ½ð1þ m2
l

2k2ÞðjH1
2
1j2 − jH−1

2
−1j2 þ jH1

2
0j2 − jH−1

2
0j2Þ þ 3m2

l
2k2 ðjH1

2
tj2 − jH−1

2
tj2Þ�R

dk2
ðk2−m2

lÞ2p
8M2

Bc
k2 ½ð1þ m2

l
2k2ÞðjH1

2
1j2 þ jH−1

2
−1j2 þ jH1

2
0j2 þ jH−1

2
0j2Þ þ 3m2

l
2k2 ðjH1

2
tj2 þ jH−1

2
tj2Þ�

; ð6Þ

where p ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffi
KþK−

p
=2MBc

and Hλ2λW ¼ HV
λ2λW

−HA
λ2λW

.
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B. Light front constituent quark model

From Eqs. (5) and (6), we see that as long as the timelike
form factors are known, both branching ratios and averaged
decay asymmetries can be determined. To calculate these
timelike form factors, we use LFCQM, in which a baryon is
treated as a bound state of three constituent quarks
quantized in the LF formalism and its state is denoted
by the momentum P, canonical spin S, and the z-direction
projection of spin Sz, respectively. As a result, the baryon
state can be expressed by [35,36,39,47–49]

jB; P; S; Szi ¼
Z

fd3p̃g2ð2πÞ3 1ffiffiffiffiffiffi
Pþp δ3ðP̃− p̃1 − p̃2 − p̃3Þ

×
X

λ1;λ2;λ3

ΨSSzðp̃1; p̃2; p̃3; λ1; λ2; λ3Þ

×CαβγFabcjqaαðp̃1; λ1Þqbβðp̃2; λ2Þqcγðp̃3; λ3Þi;
ð7Þ

where ΨSSzðp̃1; p̃2; p̃3; λ1; λ2; λ3Þ is the vertex function
describing the overlapping between the baryon and its
constituents, which can be formally solved from the three-
body Bethe-Salpeter equations, Cαβγ (Fabc) are the color
(flavor) factors, λi and p̃i with i ¼ 1, 2, 3 are the LF
helicities and three momenta of the on-mass-shell constitu-
ent quarks, defined as

p̃i ¼ðpþ
i ;pi⊥Þ; pi⊥¼ðp1

i ;p
2
i Þ; p−

i ¼
m2

i þp2
i⊥

pþ
i

; ð8Þ

and jqaαðp̃; λÞi and fd3p̃g correspond to the light front
constituent quark states and the integral measure, given by

jqaαðp̃;λÞi¼d†aα ðp̃;λÞj0i; fd3p̃g≡ Y
i¼1;2;3

dpþ
i d

2pi⊥
2ð2πÞ3 ; ð9Þ

respectively, with the quark field operators satisfied the
following anticommutation relations

fda0α0 ðp̃0; λ0Þ; d†aα ðp̃; λÞg ¼ 2ð2πÞ3δ3ðp̃0 − p̃Þδλ0λδα0αδa0a;
δ3ðp̃Þ ¼ δðpþÞδ2ðp⊥Þ: ð10Þ

To separate the internal motion of the constituents from the
bulk motion, we use the kinematic variables of ðq⊥; ξÞ,
ðQ⊥; ηÞ, and Ptot, given by

Ptot¼ P̃1þP̃2þP̃3; ξ¼ pþ
1

pþ
1 þpþ

2

; η¼pþ
1 þpþ

2

Pþ
tot

;

q⊥¼ð1−ξÞp1⊥−ξp2⊥; Q⊥¼ð1−ηÞðp1⊥þp2⊥Þ−ηp3⊥;
ð11Þ

where ðq⊥; ξÞ and ðQ⊥; ηÞ capture the relative motions
between the first and second quarks, and the third and other
two quarks, respectively. We consider the three constituent
quarks in the baryon independently with suitable spin-
flavor structures satisfying the Fermi statistics to have a
correct baryon bound state system. The vertex function of
ΨSSzðp̃1; p̃2; p̃3; λ1; λ2; λ3Þ in Eq. (7) can be further written
into two parts [35,36,50],

ΨSSzðp̃1; p̃2; p̃3;λ1;λ2;λ3Þ¼ϕðq⊥;ξ;Q⊥;ηÞΞSSzðλ1;λ2;λ3Þ;
ð12Þ

where ϕðq⊥; ξ; Q⊥; ηÞ is the momentum distribution of
constituent quarks and ΞSSzðλ1; λ2; λ3Þ represents the
momentum-dependent spin wave function, given by

ΞSSzðλ1; λ2; λ3Þ ¼
X

s1;s2;s3

hλ1jR†
1js1ihλ2jR†

2js2ihλ3jR†
3js3i

×

�
1

2
s1;

1

2
s2;

1

2
s3jSSz

�
; ð13Þ

with the SUð2Þ Clebsch-Gordan coefficients of
h1
2
s1;

1
2
s2;

1
2
s3jSSzi, and Ri is the Melosh transformation

matrix [36,51], which corresponds to the ith constituent
quark, expressed by

RMðx; p⊥; m;MÞ ¼ mþ xM − iσ⃗ · ðn⃗ × q⃗Þffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðmþ xMÞ2 þ q2⊥

p ;

R1 ¼ RMðη; Q⊥;M3;MÞRMðξ; q⊥; m1;M3Þ;
R2 ¼ RMðη; Q⊥;M3;MÞRMð1 − ξ;−q⊥; m2;M3Þ;
R3 ¼ RMð1 − η;−Q⊥; m3;MÞ: ð14Þ

Here, σ⃗ stands for the Pauli matrix, n⃗ ¼ ð0; 0; 1Þ, and M
and M3 are invariant masses of ðq⊥; ξÞ and ðQ⊥; ηÞ
systems, represented by [36]

M2
3 ¼

q2⊥
ξð1 − ξÞ þ

m2
1

ξ
þ m2

2

1 − ξ
;

M2 ¼ Q2⊥
ηð1 − ηÞ þ

M2
3

η
þ m2

3

1 − η
; ð15Þ

respectively.
The spin-flavor structures of Bc and Bn are given by
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jBci ¼
1ffiffiffi
6

p ½ϕ3χ
ρ3ðjq1q2ci − jq2q1ciÞ þ ϕ2χ

ρ2ðjq1cq2i − jq2cq1iÞ þ ϕ1χ
ρ1ðjcq1q2i − jcq2q1iÞ�;

jΛ0i ¼ 1ffiffiffi
6

p ϕ½χρ3ðjdusi − judsiÞ þ χρ2ðjdsui − jusdiÞ þ χρ1ðjsdui − jsudiÞ�;

jΣ0i ¼ 1ffiffiffi
6

p ϕ½χλ3ðjdusi þ judsiÞ þ χλ2ðjdsui þ jusdiÞ þ χλ1ðjsdui þ jsudiÞ�;

jBni ¼
1ffiffiffi
3

p ϕ½χλ3 jq1q1q2i þ χλ2 jq1q2q1i þ χλ1 jq2q1q1i�; ð16Þ

where q1ð2Þ ¼ u, d, s, Bn ¼ ðN;Ξ;Σþ;Σ−Þ, ϕðiÞ is the
momentum distribution of the constituents with the corre-
sponding spin-flavor configuration, and

χρ3↑ ¼ 1ffiffiffi
2

p ðj↑↓↑i − j↓↑↑iÞ;

χλ3↑ ¼ 1ffiffiffi
6

p ðj↑↓↑i þ j↓↑↑i − 2j↑↑↓iÞ; ð17Þ

In principle, one could solve ϕðiÞ from the Bethe-Salpeter
equation with an explicit QCD-inspired potential, but it is
beyond the scope of this paper. Nonetheless, we use a
Gaussian type distribution with the phenomenological
shape parameters βQ and βq to describe the relative motions
of constituents. Consequently, we represent the LF kin-
ematic variables ðξ; q⊥Þ and ðη; Q⊥Þ in the forms of
ordinary three momenta q ¼ ðq⊥; qzÞ and Q ¼ ðQ⊥; QzÞ:

ϕ ¼ N

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∂qz
∂ξ

∂Qz

∂η
s

e
−Q2

2β2
Q
− q2

2β2q ;

qz ¼
ξM3

2
−
m2

1 þ q2⊥
2M3ξ

; Qz ¼
ηM
2

−
M2

3 þQ2⊥
2Mη

; ð18Þ

where N is the normalization constant. Since the one-
particle baryonic state is normalized as

hB;P0;S0;S0zjB;P;S;Szi¼ 2ð2πÞ3Pþδ3ðP̃0− P̃ÞδS0zSz ; ð19Þ

the normalization condition of the momentum wave func-
tion is given by

1

22ð2πÞ6
Z

dξdηd2q⊥d2Q⊥jϕð3Þj2 ¼ 1: ð20Þ

In this paper, we take different shape parameters of βq and
βQ in the momentum wave functions ϕi to describe the
scalar diquark effects in Bc. On the other hand, we assume
the momentum-distribution function ϕ of octet baryons Bn
is flavor symmetric for all constituents. In other words, the

SUð3Þf flavor symmetry is held in the momentum wave
function of Bn. As a result, the shape parameters of ϕ are
equal, i.e., βQBn

¼ βqBn
¼ βBn

. Note that there is no SUð6Þ
spin-flavor symmetry in Bc and Bn because of the
momentum-dependent Melosh transformation even though
the forms of these states are similar to those with the SUð6Þ
spin-flavor wave functions.

C. Transition form factors

We pick the q̄γþð1 − γ5Þc current or so-called good
component of the baryon transition amplitudes

hBn;pf;S0zjq̄γþð1−γ5ÞcjBc;pi;Szi

¼ ūBn
ðpf;S0zÞ

�
γþf1ðk2Þ− iσþν kν

MBc

f2ðk2Þþf3ðk2Þ
kþ

MBc

�

×uBc
ðpi;SzÞ

− ūBn
ðpf;S0zÞ

�
γþg1ðk2Þ− iσþν kν

MBc

g2ðk2Þþg3ðk2Þ
kþ

MBc

�

×γ5uBc
ðpi;SzÞ; ð21Þ

and choose the frame such that pþ
iðfÞ is conserved (kþ ¼ 0,

k2 ¼ −k2⊥) to calculate the form factors to avoid zero-mode
contributions and other xþ-ordered diagrams in the LF
formalism [35,36]. The matrix elements of the vector and
axial-vector currents at quark level correspond to three
different lowest-order Feynman diagrams as shown in
Fig. 1. Since the spin-flavor-momentum wave functions
of baryons are totally symmetric under the permutation of
constituents, we have that ðaÞ þ ðbÞ þ ðcÞ ¼ 3ðaÞ ¼
3ðbÞ ¼ 3ðcÞ [36]. We only present the calculation for
the diagram (c), which contains simpler and cleaner forms
with our notation ðq⊥; Q⊥; ξ; ηÞ as a demonstration. We can
extract the form factors from the matrix elements through
the relations
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f1ðk2Þ ¼
1

2pþ
i
hBn; pf;↑jq̄γþcjBc; pi;↑i;

f2ðk2Þ ¼
1

2pþ
i

MBc

k⊥
hBn; pf;↑jq̄γþcjBc; pi;↓i;

g1ðk2Þ ¼
1

2pþ
i
hBn; pf;↑jq̄γþγ5cjBc; pi;↑i;

g2ðk2Þ ¼
1

2pþ
i

MBc

k⊥
hBn; pf;↑jq̄γþγ5jBc; pi;↓i: ð22Þ

Note that f3 and g3 are not available when kþ ¼ 0, but they
are negligible because of the suppressions of k2=M2

Bc
. In

fact, f3 and g3 are only associated withH
VðAÞ
1
2
t

, which do not

contribute to the semileptonic decays in the massless lepton
limit [19]. As a result, we can safely set both f3 and g3 to be
0 in this study. With the help of the momentum distribution
functions and Melosh transformation matrix in Eq. (7), the
transition matrix elements can be written as

hBn; pf; S0zjq̄γþðγ5ÞcjBc; pi; Szi

¼ 1

22ð2πÞ6
Z

dξdηd2q⊥d2Q⊥ϕðq0⊥; ξ; Q0⊥; ηÞϕ3ðq⊥; ξ; Q⊥; ηÞFlmnFijkδ
i
lδ

j
m

×
X

s1;s2;s3

X
s0
1
;s0
2
;s0
3

hS0; S0zjs01; s02; s03ihs1; s2; s3jS; Szihs01jR0
1R

†
1js1ihs02jR0

2R
†
2js2i

× 2Pþð3δqnδkcÞhs03jR0
3

X
λ0
3
λ3

ðδλ3λ0
3
ð½σz�λ3λ0

3
Þjλ03ihλ3jÞR†

3js3i; ð23Þ

where the indices of q and c in the delta symbols correspond to the quark flavors in the q̄γþðγ5Þc current, q0⊥ ¼ q⊥ and
Q0⊥ ¼ Q⊥ þ k⊥. Using Eqs. (22) and (23), we find that

f1ðk2Þ ¼
3

22ð2πÞ6
Z

dξdηd2q⊥d2Q⊥ϕðq0⊥; ξ; Q0⊥; ηÞϕ3ðq⊥; ξ; Q⊥; ηÞðFlmnFijkδ
q
nδkcδ

i
lδ

j
mÞ

×
X

s1;s2;s3

X
s0
1
;s0
2
;s0
3

hS0;↑js01; s02; s03ihs1; s2; s3jS;↑i
Y

i¼1;2;3

hs0ijR0
iR

†
i jsii; ð24Þ

g1ðk2Þ ¼
3

22ð2πÞ6
Z

dξdηd2q⊥d2Q⊥ϕðq0⊥; ξ; Q0⊥; ηÞϕ3ðq⊥; ξ; Q⊥; ηÞðFlmnFijkδ
q
nδkcδ

i
lδ

j
mÞ

×
X

s1;s2;s3

X
s0
1
;s0
2
;s0
3
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FIG. 1. Feynman diagrams for the baryonic weak transitions at the lowest order, where the sign of “filled circle” denotes the V-A
current vertex, where (a) p0

1 − p1 ¼ k, (b) p0
2 − p2 ¼ k, and (c) p0

3 − p3 ¼ k.
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III. NUMERICAL RESULTS

To find out the decay branching ratios and averaged
asymmetries in the helicity formalism, we first calculate the
transition form factors with LFCQM. By imposing the
condition kþ ¼ 0, the form factors can be evaluated
only in the spacelike region (k2 ¼ −k2⊥) instead of the
timelike one. Nonetheless, we still can extract the timelike
information of the form factors via analytically continua-
tions [39,48,52,53].
We fit f1ð2Þðk2Þ and g1ð2Þðk2Þ with the analytic functions

in the spacelike region with the following form

Fðk2Þ ¼ Fð0Þ
1 − q1k2 þ q2k4

: ð28Þ

We employ the numerical values of the constituent quark
masses and shape parameters in Table I. The values of the
shape parameters can be determined approximately by the
calculations in the mesonic cases [47,54]. Because the
strength of the quark-quark pairs is a half of the quark-anti-
quark one [47], we will get the shape parameters of the
quark pairs, which are approximately

ffiffiffi
2

p
smaller than

those in the mesonic cases.
We adopt βqΛc

≃ 2ðβud̄=
ffiffiffi
2

p Þ and βqΞc
≃ 2ðβsūðd̄Þ=

ffiffiffi
2

p Þ,
where the factor of 2 comes from the effects of the diquark
clustering, making the light quark pairs to be more compact
in Bc baryons. For the octet baryons of Bn, we assume that
the SUð3Þf flavor symmetry is hold, and therefore, the
shape parameters is flavor symmetric for each constituent,
i.e., βQ ¼ βq. As a result, we approximate the shape
parameters of the octet baryons equal to the mesonic ones
by effectively treating any pair of two constituents as a
heavier antiquark. By using Eqs. (24)–(27), we numerically
compute 32 points for all form factors from k2 ¼ 0 to k2 ¼
−9.7 GeV2 and fit them with the MATLAB curve fitting
toolbox. We present our fitting results of the form factors in
Tables II–IV, and our predictions of the branching ratios
and asymmetry parameters in Table V. The comparisons
with different theoretical models are presented in
Tables VI–VIII.
The uncertainties of our results mainly arise from the

extrapolations by the analytical continuation method. The
magnitudes of average asymmetry parameters predicted by

TABLE II. Fitting results of the Λþ
c → Bn form factors in

LFCQM.

Λþ
c → Λ

f1 f2 g1 g2

Fð0Þ 0.67� 0.01 0.76� 0.02 0.59� 0.01 ð3.8� 1.2Þ × 10−3

q1 1.48� 0.31 1.44� 0.30 1.22� 0.28 4.99� 17.6
q2 2.29� 0.49 2.23� 0.48 1.82� 0.39 24.8� 95.8

Λþ
c → n

f1 f2 g1 g2

Fð0Þ 0.83� 0.01 1.05� 0.02 0.71� 0.01 0.27� 0.01
q1 1.25� 0.36 1.20� 0.30 0.94� 0.28 1.37� 0.40
q2 1.85� 0.68 1.78� 0.48 1.36� 0.39 2.08� 0.83

TABLE III. Fitting results of the Ξþ
c → Bn form factors in

LFCQM.

Ξþ
c → Ξ0

f1 f2 g1 g2

Fð0Þ 0.77� 0.02 0.96� 0.02 0.69� 0.01 ð6.8� 0.3Þ × 10−3

q1 1.50� 0.31 1.45� 0.31 1.25� 0.28 2.00� 0.76
q2 2.30� 0.49 2.26� 0.49 1.85� 0.39 3.00� 1.41

Ξþ
c → Σ0

f1 f2 g1 g2

Fð0Þ 0.52� 0.01 0.70� 0.02 0.45� 0.01 0.08� 0.01
q1 1.49� 0.32 1.43� 0.33 1.18� 0.28 1.88� 0.39
q2 2.35� 0.51 2.38� 0.53 1.79� 0.38 2.88� 0.67

Ξþ
c → Λ

f1 f2 g1 g2

Fð0Þ 0.28� 0.01 0.38� 0.01 0.25� 0.01 0.04� 0.01
q1 1.50� 0.31 1.35� 0.51 1.18� 0.28 1.71� 0.38
q2 2.32� 0.50 2.30� 0.81 1.77� 0.38 2.78� 0.66

TABLE I. Values of the constituent quark masses (mi) and
shape parameters (βqBc

, βQBc
, βBn

) in units of GeV.

mc ms md mc βqΛc
βQΛc

1.3 0.4 0.26 0.26 0.44 0.53

βqΞc
βQΞc

βN βΛ βΣ βΞ

0.49 0.53 0.32 0.34 0.34 0.37

TABLE IV. Fitting results of the Ξ0
c → Bn form factors in

LFCQM.

Ξ0
c → Ξ−

f1 f2 g1 g2

Fð0Þ 0.74� 0.02 0.96� 0.02 0.69� 0.01 ð6.8� 0.3Þ × 10−3

q1 1.50� 0.31 1.47� 0.31 1.21� 0.28 2.00� 0.76
q2 2.30� 0.50 2.25� 0.48 1.98� 0.39 3.00� 1.41

Ξ0
c → Σ−

f1 f2 g1 g2

Fð0Þ 0.73� 0.01 0.99� 0.02 0.63� 0.01 0.11� 0.01
q1 1.49� 0.32 1.43� 0.33 1.18� 0.28 1.88� 0.39
q2 2.35� 0.51 2.38� 0.53 1.79� 0.38 2.88� 0.70
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LFCQM almost reach their extremums in all channels. As
shown inTablesVI–VIII, we obtain thatBðΛþ

c → ΛeþνeÞ ¼
ð3.55� 1.04Þ%, BðΞþ

c → Ξ0eþνeÞ ¼ ð11.3� 3.4Þ%, and
BðΞ0

c → Ξ−eþνeÞ ¼ ð3.49� 0.95Þ%, which are all consis-
tent with the current data from PDG [4] and the

BELLE experiments [1,2]. Our branching ratios are also
consistent with the predictions of the relativistic quarkmodel
(RQM) [28,29], the covariant constituent quark model
(CCQM) [30], and the SUð3ÞF approach [19]. The results
given by the LF formalism [33] and heavy quark effective

TABLE V. Predictions of the decay branching ratios and asymmetry parameters.

lþ ¼ eþ lþ ¼ μþ

Bð%Þ α Bð%Þ α

Λþ
c → Λlþνl 3.55� 1.04 −0.97� 0.03 3.40� 1.02 −0.98� 0.02

Λþ
c → nlþνl 0.36� 0.15 −0.96� 0.04 0.34� 0.15 −0.96� 0.04

Ξþ
c → Ξ0lþνl 11.3� 3.35 −0.97� 0.03 10.8� 3.3 −0.97� 0.03

Ξþ
c → Σ0lþνl 0.33� 0.09 −0.98� 0.01 0.31� 0.09 −0.98� 0.02

Ξþ
c → Λlþνl 0.12� 0.04 −0.98� 0.02 0.11� 0.05 −0.98� 0.02

Ξ0
c → Ξ−lþνl 3.49� 0.95 −0.98� 0.02 3.34� 0.94 −0.98� 0.02

Ξ0
c → Σ−lþνl 0.22� 0.06 −0.98� 0.02 0.21� 0.06 −0.98� 0.02

TABLE VI. Our results of Λþ
c → Bneþνe decay in comparison with the experimental data and those in various

calculations in the literature.

Λþ
c → Λeþνe Λþ

c → neþνe
Bð%Þ α Bð%Þ α

LFCQM 3.55� 1.04 −0.97� 0.03 0.36� 0.15 −0.96� 0.04
Data [4] 3.6� 0.4 −0.86� 0.04 … …
SUð3Þ [19] 3.2� 0.3 −0.86� 0.04 0.51� 0.04 −0.89� 0.04
RQM [28,29] 3.25 −0.86 0.268 −0.91
HQET [25] 1.42 … … …
LF [33] 1.63 … 0.201 …
MBM (NRQM) [34] 2.6 (3.2) … 0.20 (0.30) …
LQCD [26,27] 3.80� 0.22 … 0.41� 0.03 …
CCQM [30] 2.78 −0.87 0.20 …
LCSR [31,32] 3.0� 0.3 … 8.69� 2.89 …

TABLE VII. Our result of Ξþ
c → Bneþνe decays in comparison with the experimental data and those in various

calculations in the literature.

Ξþ
c → Σ0eþνe

Ξþ
c → Ξ0eþνe Ξþ

c → Λeþνe
Bð%Þ α Bð%Þ α

LFCQM 11.3� 3.35 −0.97� 0.03 0.33� 0.09 −0.98� 0.01
0.12� 0.04 −0.98� 0.02

Data [2,4] 6.6þ3.7
−3.5 … … …

… …
SUð3Þ [19] 10.7� 0.9 −0.83� 0.04 0.46� 0.04 −0.85� 0.04

0.22� 0.02 −0.86� 0.04
RQM [29] 9.40 −0.80 … …

0.13 −0.84
LF [33] 5.39 … 0.19 …

0.08 …
MBM (NRQM) [34] 11.1 (13.3) … 0.28 (0.41) …

0.09 (0.14) …
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theory (HQET) [25] are half of ours because they choose the
spin-flavor wave function of Bc to be cðq1q2 − q2q1Þχρ3sz
instead of the totally symmetric one. The averaged asym-
metry parameter predicted by LFCQM in Λþ

c → Λeþνe is
10% lower than the data. Since we do not consider any
parameters about spin interactions in our phenomenological
wave functions, the helicity-structure-related results, such as
the decay asymmetries, are clearly not precise enough to
explain the experimental data. On the other hand, the
prediction from RQM and the SUð3Þf approach are almost
the same as the data. Since the authors for RQM in
Refs. [28,29] have considered a comprehensive QCD-
inspired potential including the chromomagnetic effect, their
results are more close to the experimental values than ours.
Meanwhile, the SUð3Þf approach is a model independent
way to analyze Bc → Bnlþνl decays, which automatically
includes the information related to the spin interaction when
the asymmetry parameters are used as the fitting inputs.
Clearly, our results of the asymmetry parameters could be
improved by considering the full QCD potential and its
solutions.

IV. CONCLUSIONS

We have systematically studied the semileptonic decays
ofBc → Bnlþνl in LFCQM. By requiring the constituents
in the baryonic states to obey the Fermi statistics, we are
able to determine the overall spin-flavor-momentum struc-
tures of the baryons. We assume that the momentum

distribution of Bn is symmetric in flavor indices and any
pair of two quarks can be effectively treated as a heavier
antiquark. We have found that BðΛþ

c → ΛeþνeÞ ¼
ð3.55� 1.04Þ%, BðΞþ

c → Ξ0eþνeÞ ¼ ð11.3� 3.35Þ%,
and BðΞ0

c → Ξ−eþνeÞ ¼ ð3.49� 0.95Þ% in LFCQM: this
is consistent with the experimental data of ð3.6� 0.4Þ ×
10−2 [4], ð6.6þ3.7

−3.5Þ × 10−2 [2,4] and ð1.8� 1.2Þ × 10−2

[1,4] as well as the values predicted by SUð3ÞF [19],
LQCD [26,27], RQM [28], and CCQM [30], but twice
larger than those in HQET [25] and LF [33]. We have also
obtained that αðΛþ

c → ΛeþνeÞ ¼ ð−0.97� 0.03Þ in
LFCQM, which is 10% lower than the experimental data
of −0.86� 0.04 [4]. The reason of this deviation may arise
from the QCD spin-spin interacting effects, which are not
included in our phenomenological wave functions. Our
results of the averaged decay asymmetries could be
improved if we consider the wave function solved from
the full QCD potential. It is clear that our predicted values

for the decay branching ratios and asymmetries in Ξþð0Þ
c →

Bneþνe could be tested in the ongoing experiments at
LHCb and BELLEII.
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