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We present a light-cone QCD sum rule (LCSR) analysis of the semileptonic decays of Ξc baryons,
focusing on the channels Ξ0

c → Ξ−lþνl, and Ξþ
c → Ξ0lþνl. The transition form factors are calculated

within the light-cone quantum chromodynamics (QCD) sum rules framework, using the distribution
amplitudes of the heavy Ξc baryons. The obtained form factors are then used to compute the differential and
total decay widths, as well as the branching fractions. Our numerical results for the branching fractions are
BðΞ0

c→Ξ−lþνlÞ¼ð3.73�1.04Þ%, BðΞ0
c→Ξ−μþνμÞ¼ð3.59�1.01Þ%, BðΞþ

c →Ξ0lþνlÞ¼ð11.2�3.25Þ%,

and BðΞþ
c → Ξ0μþνμÞ ¼ ð10.8� 3.13Þ%. These results are in good agreement with recent lattice QCD

calculations, while being larger than the current experimental measurements and differing from the
predictions of other theoretical approaches.

DOI: 10.1103/16zp-mzpd

I. INTRODUCTION

The semileptonic decays of heavy baryons are an
important probe of heavy flavor dynamics and the weak
interaction. These processes involve a heavy-to-light quark
transition accompanied by a lepton–neutrino pair, and they
provide valuable information on the underlying Cabibbo-
Kobayashi-Maskawa (CKM) matrix elements as well as the
structure of the effective weak Hamiltonian. For example,
the decays Ξc → Ξlþνl are governed at the quark level by
the c → s transition and are sensitive to the CKM element
Vcs. These modes also serve as a testing ground for heavy-
quark symmetry in the baryon sector. Since the leptonic
current in semileptonic decays is well understood theoreti-
cally, the primary uncertainties reside in the hadronic
transition matrix elements. Accurate knowledge of the
transition form factors is therefore crucial for interpreting
current and future measurements of heavy baryon semi-
leptonic decays.
Experimentally, charmed antitriplet baryons (such asΛþ

c ,
Ξþ
c , and Ξ0

c) have recently become accessible to precision
studies, and significant progress has been reported. The
absolute branching fractions of Ξ0

c and Ξþ
c were not directly

measured; instead, they were determined relative to refer-
ence channels such as Ξ0

c → Ξ−πþ and Ξþ
c → Ξ−πþπþ.

Recently the Belle Collaboration reported the first meas-
urement of the absolute branching fraction for Ξ0

c → Ξ−πþ,
as ð1.80� 0.50� 0.14Þ% [1].
Despite these recent experimental efforts, a notable

discrepancy has emerged concerning the branching frac-
tions of Ξc → Ξlþνl decays. Recent measurements by
the Belle Collaboration reported branching fractions of
BðΞ0

c → Ξ−eþνeÞ ¼ ð1.31� 0.04� 0.07� 0.38Þ% and
BðΞ0

c → Ξ−μþνμÞ ¼ ð1.27� 0.06� 0.10� 0.37Þ% [2].
The ALICE Collaboration’s measurement for BðΞ0

c →
Ξ−eþνeÞ was ð2.48� 0.25� 0.40� 0.72Þ% [3,4], while
the Particle Data Group (PDG) reports an average of
ð1.05� 0.20Þ% [5]. These experimental values are con-
siderably lower than expectations based on heavy-quark
symmetry and flavor symmetry [4]. With more high-
luminosity data expected from facilities like BESIII,
LHCb, and Belle II, increasingly precise determinations
of such branching ratios and decay distributions will
become available.
This tension also extends to theoretical predictions.

Various models—including lattice QCD [4], relativistic
quark models [6], and flavor SU(3) approaches [7,8],
generally predict higher branching fractions than the
current experimental average. For instance, a recent lattice
QCD calculation predicts BðΞ0

c → Ξ−eþνeÞ ¼ 3.58ð12Þ%
[4], which explicitly notes that this is “much higher than the
more recent experimental results” but “reasonably close to
the expectation from approximate SU(3) flavor symmetry.”
Moreover, the first lattice QCD study [9] also obtained a
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value larger than the experimental measurement, though
smaller than the most recent lattice calculation. These
discrepancies highlight the need for further theoretical
and experimental investigations to improve our under-
standing of the nonperturbative aspects of charmed baryon
decays.
On the theoretical side, the main challenge lies in

calculating the form factors, which encapsulate the non-
perturbative QCD effects. Several approaches have been
used to study semileptonic heavy baryon decays. These
include symmetry-based treatments using SUð3Þf flavor
symmetry [7,10,11], constituent quark model calculations
[8,12–14], lattice QCD simulations [4,9,15], and QCD sum
rule techniques [16–19]. Each framework comes with its
own advantages and limitations. For instance, SU(3) flavor
symmetry can relate different decay channels, but being an
approximate symmetry, it inherently induces on the order
of 10% theoretical uncertainty in decay amplitudes. Lattice
QCD provides first-principles computations but is compu-
tationally intensive and has only recently begun to tackle
charmed baryon form factors. Light-cone QCD sum rules
offer a complementary approach: by expanding a suitable
correlator near the light-cone, one can express the hadronic
form factors in terms of universal baryonic light-cone
distribution amplitudes (DAs) and perturbatively calculable
hard kernels. This technique has been successfully applied
to various problems in hadron physics, particularly in
heavy-to-light transitions. For example, LCSR has been
used to analyze the semileptonic decays of Ξc baryons
[17–19], where the sum rules were formulated using the
light-cone DAs of the final-state light baryons.
In this work, we perform an independent calculation of

the transition form factors for the semileptonic decays
Ξ0
c → Ξ−lþνl, and Ξþ

c → Ξ0lþνl using the light-cone
QCD sum rule approach. By using the distribution ampli-
tudes of the initial charmed baryon Ξc, this strategy benefits
from heavy quark symmetry, where the charm quark acts as
a static color source at leading order, allowing a more
controlled description of the baryon’s light-quark structure.
All six relevant form factors for each transition are
computed and used to predict decay widths and branching
ratios.
The paper is organized as follows. In Sec. II, we derive the

light-cone sum rules for the six transition form factors.
Section III presents the numerical analysis, including pre-
dictions for decaywidths and branching ratios, and compares
our findings with results from the literature. Section IV
summarizes our main findings and highlights their implica-
tions for current and future experimental efforts.

II. CALCULATION OF THE BARYONIC FORM
FACTORS FOR Ξc → Ξ TRANSITION

In this section, we derive the light-cone sum rules for the
transition form factors that describe the semileptonic

decays of Ξc charmed baryons into light baryons, namely,
Ξ0
c → Ξ−lþνl and Ξþ

c → Ξ0lþνl.
These semileptonic decays are induced by the c → s

transition and the matrix element can be written as

M¼GFffiffiffi
2

p VcshΞðp0Þjc̄γμð1− γ5ÞsjΞcðpÞilγμð1− γ5Þν; ð1Þ

where GF is the Fermi constant, and Vcs is the element of
the CKM matrix.
The hadronic matrix element hΞðp0Þjc̄γμð1−γ5ÞsjΞcðpÞi

is parametrized in terms of six independent form factors as
follows:

hΞðp0Þjc̄γμð1 − γ5ÞsjΞcðpÞi

¼ ūΞðp0Þ
�
f1γμ − i

σμνqν

mΞc

f2 þ
f3qμ
mΞc

− g1γμγ5 þ i
σμνqν

mΞc

γ5g2 −
g3qμ
mΞc

γ5

�
uΞc

ðpÞ: ð2Þ

Here q ¼ p − p0 is the momentum transfer, and fiðq2Þ and
giðq2Þ (for i ¼ 1, 2, 3) are the vector and axial-vector form
factors, respectively.
Since the form factors belong to the nonperturbative

sector of QCD, their calculation requires a nonperturbative
approach. Among the available methods, QCD sum
rules [20,21] hold an exceptional place, as they are firmly
grounded in the fundamental QCD Lagrangian and offer a
systematic framework for studying hadronic properties. In
the present work, we use the light-cone QCD sum rule
approach to calculate these form factors.
The main object of this method is the correlation

function, which involves the time-ordered product of
two operators: the interpolating current for the final-state
baryon and the weak transition current responsible for the
c → s transition. This correlation function is evaluated
between the vacuum and the baryon state (in our case, the
heavy baryon Ξc)

Πμðp; qÞ ¼ i
Z

d4xeip
0xh0jTfηΞðxÞs̄ð0Þγμð1 − γ5Þcð0Þg

× jΞcðpÞi; ð3Þ

where ηΞ is the interpolating current corresponding to the
light baryon Ξ. The explicit form of this interpolating
current is given by [22]

ηΞðxÞ ¼ 2ϵabc
X2
l¼1

ðsaAldbÞBlsc; ð4Þ

where a, b, c are color indices, and the matrices Al and Bl

correspond to
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A1 ¼ C; B1 ¼ γ5; A2 ¼ Cγ5; B2 ¼ β1;

with β being an arbitrary parameter and C is the charge
conjugation operator. The choice β ¼ −1 corresponds to
the Ioffe current [23].
To derive the sum rules for the relevant form factors, we

evaluate the correlation function in two different kinematic
regions: in terms of hadronic degrees of freedom on one
side, and in terms of quark and gluon fields using the
operator product expansion (OPE) on the other. Matching
the two representations through the dispersion relation
allows us to extract the desired sum rules. We begin by
computing the hadronic representation of the correlation
function. This is achieved by inserting a complete set of
intermediate hadronic states with the same quantum num-
bers as the interpolating current ηΞ, and isolating the
contribution from the ground-state Ξ-baryon. The result is

Πμðp; qÞ ¼
h0jηΞðp0ÞjΞðp0; s0ÞihΞðp0; s0ÞjJμjΞcðp; sÞi

m2
Ξ − p02

þ � � � ; ð5Þ

where the ellipsis denotes contributions from higher res-
onances and continuum states. Using the definition of the
matrix element

h0jηΞðp0ÞjΞðp0; s0Þi ¼ λΞuðp0; s0Þ; ð6Þ

together with the decomposition of the transition matrix
element given in Eq. (2), and summing over the spins of the
final-state baryon, we derive the hadronic representation of
the correlation function

Πhad
μ ¼ λΞ

m2
Ξ −p02 ð=p0 þmΞÞ

�
f1γμ − i

σμνqν

mΞc

f2 þ
f3qμ
mΞc

−
�
g1γμ − i

σμνqν

mΞc

g2 þ
g3qμ
mΞc

�
γ5

�
uðp;sÞ þ � � � ; ð7Þ

where λΞ is the residue of the Ξ baryon. In the heavy quark
limit, it is convenient to express the momentum of the
initial heavy baryon as pμ ¼ mΞc

vμ, where vμ is the four-
velocity of the heavy baryon. Additionally, the heavy
baryon spinor satisfies the relation vuðvÞ ¼ uðvÞ.
To proceed further, we decompose the correlation

function Πμ into Lorentz-invariant amplitudes (invariant
functions), each multiplying a distinct Dirac structure

Πμ ¼ Π1vμ þ Π2vμγ5 þ Π3γμ þ Π4γμγ5 þ Π5qμ þ Π6qμγ5

þ � � � ð8Þ

Below, we present the QCD-side expression for the
correlation function corresponding to the Ξc → Ξ

transition. The QCD representation is obtained from
Eq. (1) by applying Wick’s theorem, which allows us to
contract quark fields into propagators. This leads to the
following expression:

Πμ ¼ 2ϵabc
X2
l¼1

Z
d4xeip

0xðAlÞαβðBlÞργðγμð1 − γ5ÞÞhϕ

× fSγhh0jsaαðxÞdbβðxÞccϕð0ÞjΞci
þ Sαhh0jsaγ ðxÞdbβðxÞccϕð0ÞjΞcig; ð9Þ

where S is the strange quark propagator. As seen from
Eq. (9), the evaluation of the correlation function requires
knowledge of the matrix element

ϵabch0jsaαðxÞdbβðxÞccγð0ÞjΞcðvÞi:

which is expressed in terms of the light-cone distribution
amplitudes of the Ξc baryon [24] in the following way:

ϵabch0jsaαðt1nÞdbβðt2nÞhcγð0ÞjΞcðvÞi

¼
X4
j¼1

AjðΓjÞαβðujðvÞÞγ; ð10Þ

where hcγ is the heavy quark field in HQET, Γj are Dirac
structures,Aj represents distribution amplitudes, and ujðvÞ
are spinors describing the light degrees of freedom in the
heavy baryon.
We emphasize that these DAs are derived within the

framework of heavy quark effective theory (HQET). The
relation between the heavy baryon states in full QCD and
those in HQET is given by

jΞcðpÞi ¼ ffiffiffiffiffiffiffiffi
mΞc

p jΞcðvÞi;

where v is the four-velocity of the heavy baryon.
The Dirac structures Γj and their associated coefficients

Aj in Eq. (10) are given as follows:

A1 ¼
1

8
fð2Þψ2ðt1; t2Þ; Γ1 ¼ nγ5C−1;

A2 ¼ −
1

8
fð1Þψσ

3ðt1; t2Þ; Γ2 ¼ iσμνn̄μnνγ5C−1;

A3 ¼
1

4
fð1Þψ s

3ðt1; t2Þ; Γ3 ¼ γ5C−1;

A4 ¼
1

8
fð2Þψ4ðt1; t2Þ; Γ4 ¼ nγ5C−1: ð11Þ

The functions ψ2, ψ s
3, ψσ

3, and ψ4 are light-cone
distribution amplitudes of twist 2, 3, and 4, respectively.
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The light-cone vectors nμ and n̄μ are defined as

nμ ¼
xμ
vx

; ð12Þ

n̄μ ¼ 2vμ − nμ: ð13Þ

The DAs ψðt1; t2Þ are related to their momentum-space
counterparts through a double Fourier transform

ψðt1; t2Þ ¼
Z

∞

0

ωdω
Z

1

0

du e−iωðt1ūþt2uÞψðω; uÞ; ð14Þ

where ω is the total light-cone momentum of the two light
quarks, and ū ¼ 1 − u.
In our case, t1 ¼ t2 ¼ vx, which simplifies the expres-

sion as follows:

ψðt1; t2Þ ¼
Z

∞

0

ωdω
Z

1

0

du e−iωvxψðω; uÞ: ð15Þ

The explicit expressions of these DAs ψ2ðω; uÞ;ψ s
3ðω; uÞ;

ψσ
3ðω; uÞ;ψ4ðω; uÞ for the Ξc baryon have been derived

in [24], and serve as inputs in our calculation.

Combining Eqs. (9) and (10), the QCD-side expression
for the correlation function takes the form

ΠQCD
μ ¼ 2i

Z
d4x

Z
1

0

du
Z

∞

0

ωdω eiðp0−ωvÞx X2
l¼1

X4
j¼1

Aj

× fTr½ΓjAl�BlSγμð1 − γ5Þ
þ ½BlΓT

j A
lTSγμð1 − γ5Þ�guðvÞ: ð16Þ

After performing integration over x, the correlation func-
tion is expressed in terms of the DAs and propagators in
momentum space.
To extract the form factors, we match the coefficients of

the relevant Lorentz structures appearing in both the
hadronic and QCD representation of the correlation func-
tion. We choose the following structures:

vμ; vμγ5; γμ; γμγ5; qμ; and qμγ5:

Matching the coefficients of these Lorentz structures
allows us to derive the sum rules for the transition form
factors as

2λΞmΞc

m2
Ξ − p02 f1 ¼ ΠQCD

1

−
2λΞmΞc

m2
Ξ − p02 g1 ¼ ΠQCD

2

λΞ
m2

Ξ − p02

�
ðmΞ −mΞc

Þ
�
f1 þ

f2
mΞc

ðmΞ þmΞc
Þ
��

¼ ΠQCD
3

−
λΞ

m2
Ξ − p02

�
ðmΞ þmΞc

Þ
�
g1 þ

g2
mΞc

ðmΞ −mΞc
Þ
��

¼ ΠQCD
4

λΞ
m2

Ξ − p02

�
−2f1 −

f2
mΞc

ðmΞ þmΞc
Þ þ f3

mΞc

ðmΞ þmΞc
Þ
�
¼ ΠQCD

5

λΞ
m2

Ξ − p02

�
2g1 þ

g2
mΞc

ðmΞ −mΞc
Þ − g3

mΞc

ðmΞ −mΞc
Þ
�
¼ ΠQCD

6 ð17Þ

The invariant amplitudesΠQCD
i can be expressed in terms

of dispersion integrals over the spectral densities as

ΠQCD
i ¼

Z
1

0

du
Z

∞

0

dσ σ

�
ρð1Þi

σ̄Δ
þ ρð2Þi

σ̄2Δ2
þ ρð3Þi

σ̄3Δ3

�
; ð18Þ

with

Δ ¼ p02 − sðσÞ; σ ¼ ω

mΞ
;

sðσÞ ¼ m2
s þm2

Ξσ̄σ − σq2

σ̄
; σ̄ ¼ 1 − σ: ð19Þ

To suppress the contributions of higher resonances and the
continuum, we apply a Borel transformation with respect
to p02. Matching the hadronic and QCD sides of each

invariant amplitude yields the desired sum rules for the
transition form factors.
The Borel transformation and continuum subtraction are

performed using the following master formula [25,26]:

Z
s0

0

ds
In

ðp02 − sÞn

¼
Z

σ0

0

dσð−1Þn e−sðσÞ=M2

In
ðn − 1Þ!ðM2Þn−1

þ
� ð−1Þn
ðn − 1Þ! e

−s=M2
Xn−1
j¼1

1

ðM2Þn−j−1
1

s0

�
d
dσ

1

s0

�
j−1

In

�
σ¼σ0

;

ð20Þ
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with

s0 ¼ ds
dσ

;
�
d
dσ

1

s0

�
n
In ⇒ nested derivatives acting on In and

In ¼
σρðnÞ

σ̄n
:

Here, σ0 is the solution of the equation sðωÞ ¼ s0, with s0
denoting the continuum threshold. Since the Borel-
transformed invariant functions Πi have lengthy expres-
sions, we do not present them explicitly here.
At the end of this section, we provide the expressions for

the differential decay width of the semileptonic transition.
To this end, we employ the helicity amplitude formalism
(see [27]).
These amplitudes are conveniently calculated in the rest

frame of the initial heavy baryon, with the z-axis aligned
along the momentum of the off-shell W boson.
The vector current helicity amplitudes are given as

HV
þ1

2
;t
¼

ffiffiffiffiffiffiffi
Qþ

p
ffiffiffiffiffi
q2

p
�
m−fV1 þ q2

mΞ
fV3

�
;

HV
þ1

2
;þ1

¼
ffiffiffiffiffiffiffiffiffi
2Q−

p �
fV1 þmþ

mΞ
fV2

�
;

HV
þ1

2
;0
¼

ffiffiffiffiffiffiffi
Q−

p
ffiffiffiffiffi
q2

p
�
mþfV1 þ q2

mΞ
fV2

�
; ð21Þ

where m� ¼ mΞc
�mΞ, and Q� ¼ m2

� − q2.
The axial-vector helicity amplitudes are obtained from

the vector ones through the substitutions

HA
þ1

2
;t
¼ HV

þ1
2
;t
jQþ→Q−;m−→mþ;fVi →gVi ;f

V
3
→−gV

3
;

HA
þ1

2
;þ1

¼ HV
þ1

2
;þ1

jQ−→Qþ;mþ→m−;fV1→gV
1
;fV

2
→−gV

2
;

HA
þ1

2
;0
¼ HV

þ1
2
;0
jQ−→Qþ;mþ→m−;fV1→gV

1
;fV

2
→−gV

2
; ð22Þ

From parity considerations, the helicity amplitudes satisfy
the relation

HVðAÞ
−λ;−λW ¼ �HVðAÞ

λ;λW
;

where the first index refers to the helicity of the final-state
(daughter) baryon, and the second to the W boson.
After standard calculations, the differential decay width

takes the form

dΓ
dq2

¼ Γ0

ðq2 −m2
lÞ2

m7
Ξc
q2

jp⃗jHtot; ð23Þ

where the total helicity amplitude is

Htot ¼ HU þHL þ m2
l

2q2
ðHU þHL þ 3HSÞ; ð24Þ

where

HU ¼ jHþ1
2
;þ1j2 þ jH−1

2
;−1j2;

HL ¼ jHþ1
2
;0j2 þ jH−1

2
;0j2;

HS ¼ jHþ1
2
;tj2 þ jH−1

2
;tj2: ð25Þ

The full helicity amplitude is defined as the difference
between vector and axial-vector components

Hλ;λW ¼ HV
λ;λW

−HA
λ;λW

; ð26Þ

and the overall normalization factor Γ0 is

Γ0 ¼
G2

FjVcsj2m5
Ξc

192π3
: ð27Þ

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

jp⃗j ¼ 1

2mΞc

λ1=2ðm2
Ξc
; m2

Ξ; q
2Þ; ð28Þ

where λða; b; cÞ is the usual Källén function

λða; b; cÞ ¼ a2 þ b2 þ c2 − 2ab − 2ac − 2bc: ð29Þ

III. NUMERICAL ANALYSIS

In this section, we present the numerical analysis of the
light-cone sum rules for the transition form factors. Using
the derived form factors, we estimate the branching ratios
for the semileptonic decays Ξc → Ξlν. The central non-
perturbative inputs in the LCSR framework are the dis-
tribution amplitudes of the initial heavy baryon. As
mentioned earlier, we employ the Ξc baryon DAs derived
in [24], whose explicit forms are given by

ψ2ðu;ωÞ ¼ ω2uū
X2
i¼0

ai
ϵ4i

C3=2
i ð2u − 1Þ
jC3=2

i j2
e−ω=ϵi ;

ψ ðσ;sÞ
3 ðu;ωÞ ¼ ω

2

X2
i¼0

ai
ϵ3i

C1=2
i ð2u − 1Þ
jC3=2

i j2
e−ω=ϵi ;

ψ4ðu;ωÞ ¼
X2
i¼0

ai
ϵ2i

C1=2
i ð2u − 1Þ
jC1=2

i j2
e−ω=ϵi ; ð30Þ

where Cl
i ð2u − 1Þ are Gegenbauer polynomials, and the

normalization factors are defined as
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jCl
i j2 ¼

Z
1

0

dujCl
i ð2u − 1Þj2: ð31Þ

The numerical values of the shape parameters ai and ϵi are
taken from [24]. The normalization constants fð1Þ and fð2Þ
which appear in the definitions of ai, are given by [24]

fð1Þ ¼ fð2Þ ¼ ð2.23� 0.35Þ × 10−2 GeV3:

Additional input parameters used in the numerical
analysis are adopted from the Particle Data Group
(PDG) [5] as summarized in Table I.
In addition to the above inputs, the sum rule expressions

involve three auxiliary parameters
(i) the Borel mass parameter M2,
(ii) the continuum threshold s0, and
(iii) the mixing parameter β, which appears in the

interpolating current. In numerical calculations,
we used the Ioffe current, i.e., β ¼ −1.

A detailed discussion of the stability of the results with
respect to the variation of these auxiliary parameters is
provided below.
The continuum threshold s0 is chosen such that the mass

obtained from the two-point QCD sum rule reproduces the
experimental baryon mass within 10% accuracy. Our
numerical analysis shows that this condition is satisfied
when

s0 ¼ ð3.5� 0.5Þ GeV2:

The working region of the Borel parameter M2 is
determined by imposing that both the higher-twist correc-
tions and the continuum contributions remain subdominant
compared to the leading-twist term. This condition ensures
that the dominant contribution to the sum rule arises from
the lowest-twist DA.
Under these criteria, our numerical analysis yields the

following working window for the Borel mass parameter

2.0 GeV2 ≤ M2 ≤ 3.0 GeV2:

Once the working regions of the auxiliary parametersM2

and s0 are established, we proceed to analyze the

q2-dependence of the form factors. Note that the LCSR
predictions are valid only in the low-q2 region and must be
extrapolated to cover the full physical kinematic range

m2
l ≤ q2 ≤ ðmΞc

−mΞÞ2:
In particular, the reliability of the sum rules deteriorates at
higher q2 values. The range where the LCSR calculation
remains reliable is

q2 ≤ 0.5 GeV2:

To extrapolate the LCSR predictions to the entire kinematic
range, we use the model-independent z-series expansion
(Boyd-Grinstein-Lebed or BGL approach) [28].
The conformal mapping is defined as

zðq2Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
tþ − q2

p
−

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
tþ − t0

p
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
tþ − q2

p
þ ffiffiffiffiffiffiffiffiffiffiffiffiffiffi

tþ − t0
p ; ð32Þ

where

tþ ¼ ðmΞc
þmΞÞ2; t0 ¼ ðmΞc

−mΞÞ2:

We find that the LCSR predictions for the form factors
are best reproduced by the following fit function:

fðq2Þ ¼ 1

1 − q2=m2
pole

faf0 þ af1zðq2Þ þ af2z
2ðq2Þg; ð33Þ

The pole masses used in the fits are

mpole ¼

8>>><
>>>:

2.112 GeV for f1; f2;

2.535 GeV for g1; g2;

2.317 GeV for f3;

1.969 GeV for g3:

The fit parameters af0 ; a
f
1 ; a

f
2 for each form factor are

extracted by performing a least-squares match of the
parametrization to the LCSR predictions in the region
0 ≤ q2 ≤ 0.5 GeV2. The resulting fits are employed to
extend the form factors to the entire kinematic range,
enabling reliable decay width and branching ratio predic-
tions. Table II summarizes the form factor values at q2 ¼ 0
for the Ξc → Ξ transitions.TABLE I. Input parameters used in the numerical analysis

(values from [5]).

jVcsj 0.975� 0.006
mcðmcÞ 1.273� 0.046 GeV
mΞ0

c
2470.44� 0.28 MeV

mΞþ
c

2467.71� 0.23 MeV
mΞ− 1321.71� 0.07 MeV
mΞ0 1314.86� 0.20 MeV
τΞ0

c
150.4� 2.8 fs

τΞþ
c

453� 5 fs

TABLE II. Form factors fi and gi at q2 ¼ 0 for the
Ξ0
c → Ξ−lþνl transition.

f1 0.84� 0.11
f2 0.49� 0.06
f3 −0.35� 0.11
g1 0.84� 0.11
g2 0.49� 0.06
g3 −0.42� 0.08
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The uncertainties of the fit parameters are estimated
through a Monte Carlo simulation. We generated
5000 pseudoexperiments by randomly sampling the input
parameters within their uncertainties, and computed the
corresponding form factors at q2 ¼ 0 in each case. As an
illustration, Fig. 1 shows the distribution of the form factor
values obtained from the ensemble. The resulting distri-
butions were fit with Gaussians to extract central values and
standard deviations, which are quoted as the uncertainties
in Table II. After determining the form factors, we compute
the total decay widths and branching ratios using Eq. (27).
The lifetimes of the charmed baryons required for these
calculations are taken from Table I.
Based on the fitted form factors and baryons lifetimes,

the branching ratios for the semileptonic decays are
computed as follows:

BðΞ0
c → Ξ−eþνeÞ ¼ ð3.73� 1.04Þ%;

BðΞ0
c → Ξ−μþνμÞ ¼ ð3.59� 1.01Þ%;

BðΞþ
c → Ξ0eþνeÞ ¼ ð11.20� 3.25Þ%;

BðΞþ
c → Ξ0μþνμÞ ¼ ð10.8� 3.13Þ%:

We note that, in estimating the form factors and the
corresponding branching ratios, we also calculated the
form factors obtained from alternative Lorentz structures.
Our numerical analysis shows that the resulting branching
ratios are very close to each other; in particular, the
differences are below 4%.
As has already been discussed, semileptonic Ξc decays

have been examined using various theoretical frameworks.
For comparison, Table III compiles the predicted branching

ratios from these approaches along with available exper-
imental measurements. From this comparison, we make the
following observations: Our prediction for the branching
ratio of Ξ0

c → Ξ−eþνe shows good agreement with the
recent lattice QCD result [4], but deviates from other
theoretical predictions—including LCSR results based on
the distribution amplitudes of Ξ baryons [18,19] as well as
from current experimental measurements.
The difference with our previous LCSR calculation [19]

can be explained as follows. The principal nonperturbative
inputs in Ref. [19] and in the present work are the
distribution amplitudes of the Ξ and Ξc baryons, respec-
tively. The observed discrepancy between the results of
these studies indicates that a more accurate determination
of the distribution amplitudes, as well as a more precise
evaluation of the parameters entering them, is required.
For completeness, we note that the first lattice QCD

calculation [9] also predicts a branching fraction above the
experimental value, though below the most recent lattice
result. Thus, even within lattice QCD, there is a clear spread
between the first and the latest determinations, both of
which lie significantly above the Belle II result.
These findings underscore a possible tension between

theoretical predictions and experimental data for the
Ξc → Ξlν channels. This discrepancy calls for both
improved experimental measurements and refined theoreti-
cal approaches. There are two possible sources that could
help clarify the situation:
(a) As previously noted, the branching ratio Ξc → Ξlν is

often inferred using experimental data for the non-
leptonic decayΞc → Ξπ. Recent SU(3) flavor symmetry
analyses of charm decays suggest that the measured
valueofBðΞ0

c → Ξ−πþÞmaybeunderestimated [32,33].

0.6 0.7 0.8 0.9 1.0 1.1 1.2
0

1

2

3

4

f1

N
or
m
al
iz
ed
C
ou
nt
s

0.35 0.40 0.45 0.50 0.55 0.60 0.65
0

1

2

3

4

5

6

7

f2

N
or
m
al
iz
ed
C
ou
nt
s

–0.6 –0.5 –0.4 –0.3 –0.2 –0.10.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

f3

N
or
m
al
iz
ed
C
ou
nt
s

0.6 0.7 0.8 0.9 1.0 1.1 1.2
0

1

2

3

4

g1

N
or
m
al
iz
ed
C
ou
nt
s

0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.700

1

2

3

4

5

6

7

g2

N
or
m
al
iz
ed
C
ou
nt
s

–0.6 –0.5 –0.4 –0.30

1

2

3

4

5

g3

N
or
m
al
iz
ed
C
ou
nt
s

FIG. 1. Normalized distributions of the Ξ0
c → Ξ−lþν form factors fi and gi at q2 ¼ 0 obtained from LCSR. The solid lines represent

Gaussian fits to the Monte Carlo distributions.
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Therefore, a new precise measurement of this decay
mode is essential for resolving the tension.

(b) A more precise determination of the distribution
amplitudes would significantly enhance the reliability
of QCD-based predictions, including those obtained
via light-cone sum rules.

IV. CONCLUSION

In this work, we presented a new LCSR analysis of
the semileptonic decays Ξc → Ξlþνl, using the distribu-
tion amplitudes of the initial Ξc baryon as the primary
nonperturbative input. Our predictions for the branching
ratios—particularly for the neutral channel Ξ0

c → Ξ−lþν—
are notably larger than current experimental measurements,
yet they are in good agreement with recent lattice
QCD results. This consistency suggests a possible ten-
sion between theoretical predictions and experimental

extractions, which often rely on indirect determinations
via normalization to hadronic decay modes. A remeasure-
ment of BðΞ0

c → Ξ−πþÞ or a direct measurement of
BðΞ0

c → Ξ−lþνÞ would help resolve this ambiguity, while
a more precise determination of the distribution amplitudes
of heavy baryons would provide a firmer benchmark for
theoretical frameworks. Overall, our results show that
further experimental and theoretical investigations are
necessary to improve our understanding of semileptonic
charmed baryon decays.

DATA AVAILABILITY

This work is a theoretical study. All numerical results are
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