
Eur. Phys. J. C           (2026) 86:65 
https://doi.org/10.1140/epjc/s10052-026-15301-2

Regular Article - Theoretical Physics

Semileptonic �c → ��ν� decays in light-cone QCD sum rules with
�c distribution amplitudes

T. M. Aliev1,a , S. Bilmis1,2,b , M. Savci1,c

1 Department of Physics, Middle East Technical University, 06800 Ankara, Turkey
2 TUBITAK ULAKBIM, 06510 Ankara, Turkey

Received: 3 November 2025 / Accepted: 4 January 2026
© The Author(s) 2026

Abstract We study the semileptonic decay of its SU(3)
partner, the �c → ��+ν� (� = e, μ) transition, within the
framework of light-cone QCD sum rules (LCSR) by using the
distribution amplitudes of heavy �c baryon. The numerical
analysis is performed using two different sets of �c baryon
light-cone distribution amplitudes. The resulting form factors
are parametrized by a model-independent z-series expansion
and used to compute the differential and total decay widths.
Our predictions for the branching fractions are in good agree-
ment with the latest BESIII measurements and with lattice-
QCD results.

1 Introduction

Heavy-flavor baryons provide an important testing ground
for our understanding of the interplay between perturba-
tive and nonperturbative aspects of quantum chromodynam-
ics (QCD). In particular, semileptonic decays of charmed
baryons serve as clean probes of the Standard Model (SM),
as the leptonic current factorizes and hadronic uncertain-
ties are confined to a limited set of form factors. Among
them, the �c baryon occupies a special role as the lightest
charmed baryon with a relatively long lifetime and well-
measured properties. �+

c , undergoes the Cabibbo-favored
transition c → s �+ν� predominantly through the channel
�c → ��ν� (� = e, μ). Precise determinations of this decay
rate depend on the Cabibbo–Kobayashi–Maskawa (CKM)
matrix element |Vcs | and on hadronic form factors, providing
a stringent internal consistency test of the SM and offering
sensitivity to potential new physics contributions.
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Significant experimental progress has been achieved in
the �c sector in recent years [1]. Earlier theoretical esti-
mates of the branching fraction B(�+

c → �e+νe) spanned
a wide range, from about 1.4 to 9.2% [2–14]. The BESIII
Collaboration provided the first absolute measurement of the
electronic mode in 2015, reporting B(�+

c → �e+νe) =
(3.63 ± 0.38 ± 0.20)% [15]. This was soon followed by the
first absolute measurement of the muonic channel, B(�+

c →
�μ+νμ) = (3.49 ± 0.46 ± 0.27)% [16]. Benefiting from
increased luminosity, BESIII subsequently provided the most
precise measurement to date for the electronic branching
fraction: B(�+

c → �e+νe) = (3.56 ± 0.11 ± 0.07)% [17].
Notably, recent experiments have progressed beyond deter-
mining only the total branching fraction and have begun prob-
ing the underlying hadronic dynamics by providing the first
direct comparisons of the differential decay rate and form
factors with theoretical predictions. A combined analysis of
the e and μ channels has further improved the precision of
the form factor extraction and enabled the first test of lepton
flavor universality in �c → ��ν� decays [18].

On the theoretical side, the same decay has been stud-
ied using various theoretical approaches, including first-
principles calculations using Lattice QCD (LQCD) [3,4,
19] various quark models (constituent, relativistic, and
light-front) [6,7,10–12], Heavy Quark Effective Theory
(HQET) [2], and QCD sum rules (QCDSR) [9].While these
methods have provided valuable insight, they often yield
mutually inconsistent predictions for the form factors, and
their uncertainties are not always fully quantified. In this con-
text, new theoretical studies are essential.

A recent lattice QCD study [20] reported a discrepancy
between theoretical predictions and experimental measure-
ments in the semileptonic �c → ��ν� decays. Motivated
by this tension, in our previous work, we have investigated
this decay channel using the light-cone sum rules (LCSR)
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approach with the distribution amplitudes of the initial �c

baryon [21], and our results showed good agreement with
the lattice predictions. This naturally raises the question of
whether a similar situation could occur in the semileptonic
decays of the �c baryon, the SU(3) partner of the �c. The
present work is devoted to addressing this question.

To compute the necessary form factors, we employ the
light-cone sum rules method. The LCSR technique systemat-
ically incorporates nonperturbative effects through an expan-
sion in terms of twist, replacing the short-distance opera-
tor product expansion (OPE) with a light-cone expansion.
The reliability of LCSR predictions depends critically on the
accuracy of the input distribution amplitudes.

In this study, we analyse the �c → ��ν� decay within the
LCSR framework by employing �c-baryon light-cone distri-
bution amplitudes (LCDAs) [22,23]. Our approach is based
on the distribution amplitudes of the initial heavy baryon,
�c, although in principle analogous sum rules can also be
formulated using the LCDAs of the final-state light baryon,
� [9].

The paper is organized as follows. In Sect. 2, we present
the theoretical framework and derive the sum rules for the
relevant form factors describing the �c → � transition.
Section 3 contains the numerical analysis of these form fac-
tors, where we also provide results for the branching ratios
and compare our findings with those reported in the litera-
ture. Finally, Sect. 4 summarizes our conclusions and outlines
possible directions for future work.

2 Light-cone sum rules for the �c → � transition

The effective Hamiltonian responsible for the semileptonic
weak decay of the anti-triplet charmed baryon �c is given
by

He f f = GF√
2
Vcs s̄γ

μ(1 − γ5)c ν̄γμ(1 − γ5)�, (1)

where GF is the Fermi coupling constant and Vcs denotes
the CKM matrix element. The weak transition amplitude
is obtained by inserting He f f between the initial and final
baryon states:

M(�c → ��ν�)

= GF√
2
Vcs ν̄γ μ(1 − γ5)� 〈�(p′, s′)|s̄γμ

(1 − γ5)c|�c(p, s)〉. (2)

The hadronic matrix element is parameterized in terms of six
independent form factors as

〈�(p′, s′)|s̄γμ(1 − γ5)c|�c(p, s)〉
=ū�(p′, s′)

[
γμ f1(q

2)−iσμν

qν

m�c

f2(q
2) + qμ

m�c

f3(q
2)

−γμγ5g1(q
2) + iσμνγ5

qν

m�c

g2(q
2) − qμ

m�c

g3(q
2)γ5

]

u�c (p, s), (3)

where q = p− p′ is the momentum transfer,m�c is the mass
of the �c baryon, and fi (q2) and gi (q2) (i = 1, 2, 3) denote
the vector and axial-vector form factors, respectively.

For the calculation of decay widths, it is convenient
to introduce helicity amplitudes, which can be expressed
directly in terms of the form factors. To express the helic-
ity amplitudes HV (A)

λ,λW
in terms of the form factors fi (q2) and

gi (q2), we define λ = ± 1
2 as the helicity of the final-state �

baryon and λW = t,±1, 0 as the helicities of the virtual W
boson. These amplitudes are obtained from

Hλ,λW = 〈�(p′, λ)|s̄γμ(1 − γ5)c|�c(p, λ)〉 ε∗μ(λW ). (4)

Following standard procedures (see, e.g., [6,21]), we obtain
the explicit expressions:

HV+1/2,t =
√

Q+
q2

[
m− f1 + q2

m�c

f3

]
,

HV+1/2,+1 = √
2Q−

[
f1 + m+

m�c

f2

]
,

HV+1/2,0 =
√

Q−
q2

[
m+ f1 + q2

m�c

f2

]
,

H A+1/2,t =
√

Q−
q2

[
g1m+ − q2

m�c

g3

]
,

H A+1/2,+1 = √
2Q+

[
g1 − m−

m�c

g2

]
,

H A+1/2,0 =
√

Q+
q2

[
g1m− − q2

m�c

g2

]
, (5)

where

m± = m�c ± m�,

Q± = m2± − q2,

and m�c and m� are the masses of the �c and � baryons,
respectively.

The helicity amplitudes satisfy the following symmetry
relations,

HV−λ,−λW
= −HV

λ,λW
,

H A−λ,−λW
= +H A

λ,λW
.

Using these helicity amplitudes, the differential decay
width can be obtained as

d


dq2 = G2
F |Vcs |2

192π3

(q2 − m2
�)

2| �p|
m2

�c
q2

Htot , (6)
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where

Htot =
(

1 + m2
�

2q2

) [
|H+1/2,+1|2 + |H−1/2,−1|2

+|H+1/2,0|2 + |H−1/2,0|2
]

+3m2
�

2q2

[
|H+1/2,t |2 + |H−1/2,t |2

]
. (7)

The magnitude of the three-momentum of the final-state
baryon is

| �p| = 1

2m�c

λ1/2(m2
�c

,m2
�, q2),

where the Källén function λ is defined as

λ(a, b, c) = a2 + b2 + c2 − 2ab − 2ac − 2bc.

In Eq. (7) Hλ,λw is defined as

Hλ,λW = HV
λ,λW

− H A
λ,λW

. (8)

To determine the form factors responsible for the �c →
� transition, we use the light-cone QCD sum rule method.
Within this framework, we start from the correlation function

�μ = i
∫

d4x eip
′x 〈0|η�(x) J̄μ(0)|�c(p)〉,

where η�(x) is the interpolating current for the � baryon,
defined as

η�(x) = 2√
6
εabc

2∑
�=1

{
2
[
ua(x)A�db(x)

]
B�sc(x)

+[
ua(x)A�sb(x)

]
B�dc(x)

+[
sa(x)A�db(x)

]
B�uc(x)

}
,

and J̄μ = s̄γμ(1−γ5)c denoting the weak transition current.
Here a, b, c are color indices, A1 = I, A2 = Cγ5, B1 = γ5,
B2 = βI, and C is the charge conjugation operator. The
interpolating current η� is constructed to match the quantum
numbers of the � baryon and is used in the evaluation of the
QCD side of the correlation function.

Taking into account the Dirac equation (/p−m)u(p) = 0,
the correlation function can be expressed in terms of inde-
pendent invariant amplitudes. For the vector and axial-vector
currents, six invariant amplitudes arise in each case. The full
decomposition of the correlation function reads

�μ = [
�1 vμ/q + �2 γμ/q + �3 qμ + �4vμ

+�5γμ + �6 qμ/q
]
u(v)

−[
�7 vμ/q + �8 γμ/q + �9 qμ + �10vμ

+�11γμ + �12 qμ/q
]
γ5 u(v), (9)

where we introduced pμ = m�cvμ and used the heavy-
baryon velocity notation,

|�c(p)〉 = √
m�c |�c(v)〉.

Using the definition 〈0|η�|�(p′)〉 = λ u(p′), together
with the decomposition of the �c → � transition form fac-
tors and after performing the spin summation over the �

baryon, one obtains the hadronic representation of the corre-
lation function in terms of invariant amplitudes.

�μ(p, q) = λ

m2
� − p′2

{
f1

[
2m�cvμ + (m� − m�c )γμ

−2qμ + γμ/q

]

+ f2
m�c

[
2m�cvμ/q + (m2

� − m2
�c

)γμ + (m�

+m�c )γμ/q − qμ(m� + m�c ) − qμ/q
]

+ f3
m�c

qμ(m� + m�c − /q)

−g1

[
2m�cvμ + (m� + m�c )γμ − 2qμ + γμ/q

]
γ5

− g2

m�c

[
2m�cvμ/q + (m2

� − m2
�c

)γμ

+(m� − m�c )γμ/q − qμ(m� − m�c ) − qμ/q
]
γ5

− g3

m�c

qμ(m� − m�c − /q)γ5

}
u(v). (10)

This hadronic representation will subsequently be matched
to the QCD calculation in the next step.

We now turn our attention to the calculation of the correla-
tion function from QCD side. The external four-momenta are
taken space-like, p′2, q2 	 m2

c , so that the correlation func-
tion can be expanded near the light cone (x2 
 0). In this
regime, the operator product expansion (OPE) is obtained
in terms of the light-cone distribution amplitudes of the �c

baryon, ordered by twist, convoluted with the hard-scattering
amplitudes involving the virtual s-quark propagator.

After applying Wick’s theorem, the correlation function
takes the form

(�μ)ρ = 2√
6
εabc

2∑
�=1

∫
d4x eip

′x (A�)αβ(B�)ργ (γμ(1 − γ5))hη

×
{

2Sγ h〈0|uaα(x)dbβ(x)ccη(0)|�c〉
+Sβh〈0|uaα(x)dbγ (x)ccη(0)|�c〉
+Sαh〈0|uaγ (x)dbβ(x)ccη(0)|�c〉

}
, (11)

where S denotes the s-quark propagator.
The matrix element

〈0|uaα(x) dbβ(x) ccγ (0)|�c(v)〉,

123
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is parameterized in terms of the light-cone distribution ampli-
tudes of the �c baryon [22]. It can be written as

εabc〈0|uaα(t1n) dbβ(t2n) hcγ (0)|�c(v)〉

=
4∑

i=1

αi [
i ]βα (ui (v))γ , (12)

where hγ
c is the heavy-quark field in HQET, 
i denote the

relevant Dirac structures, uγ (v) is the heavy baryon spinor,
α′
i are coefficient functions defined below, and ψi are the

light-cone DAs of the �c baryon.
The explicit expressions of the coefficients are

α1 = 1
8 f (2) ψ2(t1, t2),

α2 = 1
8 f (1) ψσ

3 (t1, t2),

α3 = 1
4 f (1) ψ s

3(t1, t2),

α4 = 1
8 f (2) ψ4(t1, t2), (13)

with the corresponding Dirac structures


1 = /̄nγ5C
−1,


2 = iσμν n̄
μnνγ5C

−1,


3 = γ5C
−1,


4 = /nγ5C
−1. (14)

Here, the subscript i in ψi indicates the twist of the DA.
The light-cone vectors are defined as

nμ = xμ

vx
, n̄μ = 2vμ − nμ.

The distribution amplitudes ψ(t1, t2) in coordinate space
are related to their momentum-space representation ψ(u, ω)

through the Fourier transform

ψ(t1, t2) =
∫ 1

0
du

∫ ∞

0
dω ω e−iω(t1ū+t2u) ψ(u, ω),

where ω denotes the total momentum carried by the two light
quarks and ū = 1 − u. In the special case t1 = t2 = vx , this
simplifies to

ψ(t1, t2) =
∫ 1

0
du

∫ ∞

0
dω ω e−iωvx ψ(u, ω).

Using these definitions, the QCD representation of the
correlation function can be written as

(�QCD
μ )ρ = 2√

6
i
∫

d4x
∫ 1

0
du

∫ ∞

0
dω ω ei(p

′−ωv)x

2∑
�=1

4∑
i=1

αi (A
�)αβ(B�)ργ (γμ(1 − γ5))hη

×
{

2(
i )βαSγ h(x) − (
i )γαSβh(x) + (
i )αγ Sβh(x)
}

uη(v). (15)

After performing the Fourier transformation of the propa-
gator and integrating over x , the final expression for the QCD
side of the correlation function becomes

�QCD
μ = 2√

6

∫ 1

0
du

∫ ∞

0
ω dω

2∑
�=1

4∑
i=1

αi

×
{

2 Tr[
i A
�] B� /p′ − ω/v + ms

m2
s − (p′ − ωv)2 γμ(1 − γ5)

+B�
i A
� /p′ − ω/v + ms

m2
s − (p′ − ωv)2 γμ(1 − γ5)

+B� 
T
i A�T /p′ − ω/v + ms

m2
s − (p′ − ωv)2 γμ(1 − γ5)

}
u(v).

(16)

The final step in obtaining the sum rules for the �c → �

transition form factors is to identify the same Lorentz struc-
tures from both the hadronic and QCD representations of the
correlation function and match their coefficients.

By isolating the structures proportional to /qvμ, γμ/q , qμ,
/qγ5vμ, γμ/qγ5, and γ5qμ , we arrive at the following sum
rules for the form factors, respectively:

2λ�

m2
� − p′2 f2 = �1,

λ�

m2
� − p′2

[
f1 + m� + m�c

m�c
f2

]
= �2,

− λ�

m2
� − p′2

[
2 f1 + m� + m�c

m�c
f2 − m� + m�c

m�c
f3

]
= �3,

− 2λ�

m2
� − p′2 g2 = �4,

− λ�

m2
� − p′2

[
g1 + m� − m�c

m�c
g2

]
= �5,

λ�

m2
� − p′2

[
2g1 + m� − m�c

m�c
g2 − m� − m�c

m�c
g3

]
= �6. (17)

The invariant functions �i can, in general, be represented
as

�i =
∫ 1

0
du

∫
σdσ

[
ρ

(1)
i (σ )

σ̄�
+ ρ

(2)
i (σ )

σ̄ 2�2 + ρ
(3)
i (σ )

σ̄ 3�3

]
,

(18)

where

� = p′2 − s(ω),

s(ω) = m2
s + m2

�c
σ̄ − σq2

σ̄
,

σ = ω

m�c

, σ̄ = 1 − σ.

Explicit expressions for the spectral densities ρ
( j)
i are

lengthy and are therefore omitted here. To suppress con-
tributions from higher states and the continuum, we invoke
quark-hadron duality in the� channel, replacing the hadronic
spectral density with the integral of the OPE spectral density
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above an effective threshold s0. Applying a Borel transfor-
mation in p′2, the resulting relation is

∫ s0

0
ds

In
(p′2 − s)n

=
∫ σ0

0
dσ (−1)n

e−s(σ )/M2
In

(n − 1)!(M2)n−1

+
⎡
⎣ (−1)n

(n − 1)! e
−s/M2

n−1∑
j=1

1

(M2)n− j−1
1

s′
(

d

dσ

1

s′
) j−1

In

⎤
⎦

σ=σ0

,

where M is the Borel parameter, and

s′ = ds

dσ
,

In(σ ) = σρn

σ̄
,

(
d

dσ

1

s′
) j−1

In(σ ) ⇒
[

d

dσ

1

s′
(

d

dσ

1

s′ · · ·
)]

In(σ ),

σ0 =
s + m2

� − q2 −
√

4(m2
s − s0)m2

� + (m2
� + s0 − q2)2

2m2
�

.

As a result, the sum rules for the form factors can be
expressed in the compact form

F form factor
i = 1

Ki
emp�

2/M2
∞∑
n=1

B(n)
i ,

where Fi ∈ { fi , gi } denote the form factors, Ki are kinematic
factors containing residues, masses, and normalization con-
stants, i = 1, . . . , 6 labels the corresponding form factor, and
B(n)
i represents the Borel-transformed and subtracted invari-

ant amplitude.

3 Numerical analysis

In this section, we present the numerical analysis of the sum
rules for the �c → � transition form factors. As discussed
earlier, the main nonperturbative inputs of the light-cone sum
rules are the distribution amplitudes.

In this work, we adapt two different sets of light-cone
distribution amplitudes (LCDAs) of the �b baryon obtained
in [22,23] and apply the same functional forms to the �c

by replacing the heavy-quark parameters accordingly. This
approach assumes that the shape of the heavy-baryon LCDAs
is largely insensitive to the heavy-quark flavor, while possible
1/mc corrections are neglected. The explicit expressions of
first set of DAs (named as DAs-set I) obtained in [22]

ψ2(ω, u) = 15

2
A−1ω2ūu

∫ s0

ω/2
ds e−s/y(s − ω/2),

ψ4(ω, u) = 5A−1
∫ s0

ω/2
ds e−s/y(s − ω/2)3,

ψ3s(ω, u) = 15

4
A−1ω

∫ s0

ω/2
ds e−s/y(s − ω/2)2,

ψ3σ (ω, u) = 15

4
A−1ω(2u − 1)

∫ s0

ω/2
ds e−s/y(s − ω/2)2,

Table 1 Input parameters used in the analysis

Parameter Value

mc(mc) 1.273 ± 0.046 GeV [24]

ms(2 GeV) 93.5 ± 0.8 MeV [24]

f (1) = f (2) (2.3 ± 0.2) × 10−2 GeV3 [25]

m�c 2.286 GeV [24]

m� 1.115 GeV [24]

(19)

where

A =
∫ s0

0
ds s5e−s/y .

Here, y and s0 denote the Borel parameter and the continuum
threshold, respectively [22]. From the QCD sum-rule analy-
sis, y is found to vary in the range 0.4 GeV < y < 0.8 GeV,
while the continuum threshold is fixed at s0 = 1.2 GeV.

The second set of �c DAs (named ad DAs-set II) was
obtained in Ref. [23] and takes the form

ψ2(u, ω) = ω2uū
2∑

i=0

ai
ε4
i

C3/2
i (2u − 1)

|C3/2
i |2

e−ω/εi ,

ψ
(σ,s)
3 (u, ω) = ω

2

2∑
i=0

ai
ε2
i

C1/2
i (2u − 1)

|C3/2
i |2

e−ω/εi ,

ψ4(u, ω) =
2∑

i=0

ai
ε2
i

C1/2
i (2u − 1)

|C1/2
i |2

e−ω/εi , (20)

where C�
i (2u−1) are Gegenbauer polynomials, and the nor-

malization factor is defined as

|C�
i |2 =

∫ 1

0
du

[
C�
i (2u − 1)

]2
.

The values of the parameters ai and εi are taken from
Ref. [23] with the parameter A fixed to 0.5.

The numerical values of the input parameters entering the
sum rules are listed in Table 1.

The sum rules involve three auxiliary parameters: the
Borel mass M2, the continuum threshold s0, and the mix-
ing parameter β (here we take β = −1, i.e., Ioffe current)
that appears in the interpolating current. Physical observables
should not depend on these parameters, so our first task is to
determine their working regions.

The continuum threshold s0 is determined following the
standard QCD sum-rule procedure: we consider the ratio
of the derivative of the two-point sum rule with respect to
−1/M2 to the sum rule itself, and require that this ratio repro-
duces the baryon mass within about 10% accuracy. This cri-
terion ensures a consistent and theoretically motivated deter-
mination of s0.
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Fig. 1 Normalized distributions of the �+
c → �0�+ν form factors fi and gi at q2 = 0 obtained from LCSR. The solid lines represent Gaussian

fits to the Monte Carlo distributions. For illustration, only the results corresponding to the DAs-set-I are shown

The working region of the Borel mass parameter M2 is
fixed by the usual requirements of QCD sum rules. First,
M2 must be sufficiently large to suppress higher-twist con-
tributions and ensure the reliability of the operator product
expansion. Second, M2 should not be taken too large, so as to
preserve the dominance of the ground-state contribution and
suppress the effects of higher resonances and the continuum.

Our numerical analysis shows that these conditions are
simultaneously satisfied within the following windows:

2.0 GeV2 ≤ s0 ≤ 4.0 GeV2, 1.0 GeV2 ≤ M2 ≤ 3.0 GeV2.

Within these working regions, the form factors show only a
weak sensitivity to the auxiliary parameters and exhibit good
stability with respect to their variation.

Having obtained the working regions of auxiliary param-
eters s0 and M2, we next investigate the q2-dependence of
the form factors. The physical range of momentum transfer
for the semileptonic decay �c → ��ν is

m2
� < q2 < (m�c − m�)2,

but the LCSR predictions are most reliable near q2 
 0, and
more precisely in the region q2 � 0.5 GeV2. To extend the
form factors across the entire physical region, we adopt the
z-series expansion [26],

f (q2) = 1

1 − q2/m2
pole

{
a f

0 + a f
1 z(q2) + a f

2 z2(q2)
}

,

where the conformal variable z is defined as

z(q2) =
√
t+ − q2 − √

t+ − t0√
t+ − q2 + √

t+ − t0
,

with t+ = (m�c + m�)2. Here mpole corresponds to the
lowest-lying resonance with the same quantum numbers as
the current mediating the transition:

mpole =

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

2.010 GeV for f1, f2,

2.413 GeV for g1, g2,

2.300 GeV for f3,

1.870 GeV for g3.

The fitting parameters a f
0 , a f

1 , and a f
2 for each form fac-

tor are determined by matching the z-series parametrization
to the LCSR predictions in the region q2 < 0.5 GeV2. To
simultaneously account for uncertainties in the input param-
eters and form factors, we employ a Monte Carlo analysis.
In particular, we generate 5000 samples by randomly vary-
ing the input parameters within their quoted uncertainties
and compute the corresponding form factors at q2 = 0. The
resulting distributions are used to extract the central values
and uncertainties of the form factors, which are summarized
in Table 2. For illustration, only the results obtained using
the DAs-set I are shown in Fig. 1.

Using the form factors listed in Table 2, we evaluate the
decay widths and branching ratios of the semileptonic chan-
nels �+

c → �0e+νe and �+
c → �0μ+νμ using Eq. (6).
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Table 2 Form factors for the �c → � transition at q2 = 0, obtained
using two different sets of �c DAs

Form factor Set I [22] Set II [23]

f1(0) −0.32 ± 0.13 −0.65 ± 0.08

f2(0) 0.21 ± 0.09 0.44 ± 0.05

f3(0) −1.52 ± 0.41 −2.37 ± 0.20

g1(0) 0.65 ± 0.11 0.79 ± 0.04

g2(0) 0.22 ± 0.09 0.44 ± 0.05

g3(0) −0.22 ± 0.09 −0.44 ± 0.05

The branching fractions derived after the phase-space inte-
grations are given in Table 3.

A comparison with the BESIII measurement indicates that
the predictions are in good agreement with experiment. We
stress that closer agreement of a central value with experi-
ment does not imply an exact fit or establish the superiority
of a given LCDA set. Within the quoted uncertainties both
sets yield mutually compatible predictions.

As mentioned earlier, the �c → ��ν� decays have been
studied extensively within a variety of theoretical frame-
works. For completeness, in Table 4 we summarize our
branching ratio predictions together with those obtained from
various theoretical approaches and experiments.

We observe from Table 4 that our predictions are con-
sistent with most theoretical approaches and, in particular,
agree well with the BESIII measurements within uncertain-
ties, with the exception of the CQM [6] and LFQM [10]
results. It is worth emphasizing that this decay has been
investigated in the LCSR approach using the distribution
amplitudes of the light � baryon in Ref. [9]. In the present
work, we adopt the same LCSR strategy, but employ the light-
cone distribution amplitudes of the initial heavy baryon �c.
Although these two frameworks employ different nonpertur-
bative inputs and differ technically in the construction of the
correlation functions, they yield compatible predictions for
the form factors and branching ratios within uncertainties.
This agreement indicates that the two formulations provide
consistent descriptions of the �c → ��ν transition within
the LCSR methodology.

Future refinements of this analysis could include the incor-
poration of O(αs) radiative corrections, the inclusion of sub-
leading 1/mc contributions, and a more precise determina-
tion of the nonperturbative input parameters that enter the
DA definitions.

At the end of this section, we would like to note that we
also performed analysis for the other set of Lorentz struc-
tures and found out that the results for the form factors vary
slightly.

Table 3 Predicted branching fractions (%) for �+
c → �0�+ν� decays

obtained using two different sets of �c distribution amplitudes (DAs)

B(�+
c → �0e+νe) B(�+

c → �0μ+νμ)

Set I 3.56 ± 0.85% 3.51 ± 0.84

Set II 3.90 ± 0.94% 3.88 ± 0.93

Table 4 Branching fractions (%) for �+
c → �0�+ν� from various

theoretical approaches and experiment

Model/experiment B(�+
c → �0e+νe) B(�+

c → �0μ+νμ)

LQCD [3] 3.88 ± 0.19 3.75 ± 0.19

LQCD [4] 3.80 ± 0.22 3.69 ± 0.22

HBM [5] 3.78 ± 0.25 3.67 ± 0.23

CQM [6] 2.78 2.69

RQM [7] 3.25 3.14

NRQM [8] 3.84 3.72

QCDSR [9] 3.49 ± 0.65 3.37 ± 0.54

LFQM [10] 1.63 –

LFQM [11] 3.55 ± 0.104 3.40 ± 0.102

LFQM [12] 4.04 ± 0.75 3.90 ± 0.73

SU (3)F [13,14] 3.6 ± 0.4 3.5 ± 0.4

ARGUS [27] – 2.37 ± 0.51

CLEO [28] – 2.68 ± 0.51

BESIII [16,17] 3.56 ± 0.13 3.48 ± 0.20

This work 3.56 ± 0.85 (set-I) 3.51 ± 0.84 (set-I)

3.90 ± 0.94 (set-II) 3.88 ± 0.93 (set-II)

4 Conclusion

Motivated by the recent lattice-experiment tension observed
in �c → ��+ν� transitions, in this work we have investi-
gated the semileptonic decay of the SU(3) partner baryon,
�c → ��+ν� (� = e, μ), within the framework of light-
cone QCD sum rules (LCSR). The sum rules are derived for
all form factors, while the numerical analysis is performed
using two different sets of �c baryon light-cone distribu-
tion amplitudes (LCDAs). Using the obtained results for the
form factors, we estimated the branching ratios of the cor-
responding decays. Our results are in good agreement with
the latest BESIII measurements and with lattice-QCD pre-
dictions. It is worth noting that our results are also consistent
with those obtained from QCD sum rules employing the �-
baryon distribution amplitudes [9]. This agreement indicates
that, in contrast to the �c case, both formulations based on
heavy- or light-baryon DAs yield compatible predictions for
the �c → � transition. The absence of any noticeable devi-
ation between theoretical and experimental results in this
channel suggests that the discrepancy observed in the �c

decays may not be universal and could arise from either the-
oretical or experimental sources specific to the �c sector.
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Since the �b LCDAs were employed as an approximation,
subleading 1/mc corrections and the eventual determination
of genuine �c distribution amplitudes are expected to fur-
ther improve the precision of the predictions. Future exten-
sions of this analysis may also include O(αs) radiative cor-
rections, which would enhance the predictive power of the
LCSR framework for charmed baryon decays. Such devel-
opments would reduce theoretical uncertainties and provide
more robust predictions for comparison with forthcoming
lattice and experimental results.
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