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Abstract
Flavor SU(3) symmetry is a powerful tool to analyze charmed baryon decays,
however its applicability remains to be experimentally validated. Since there
is not much data on Ξc decays, various exclusive Λc decays especially the ones
into a neutron state are essential for the test of flavor symmetry. These decay
modes are also helpful to investigate final state interactions in charmed baryon
decays. In this work, we discuss the explicit roles of Λc decays into a neutron in
testing the flavor symmetry and exploring final state interactions. The involved
decay modes include semileptonic decays, two-body and three-body non-leptonic
decays, but all of them have not been experimentally observed to date.
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Introduction
Flavor SU(3) symmetry is a powerful tool for analyzing charmed baryon decays,
yet its applicability remains to be experimentally validated. Since experimental
data on Ξc decays are scarce, various exclusive Λc decays—particularly those in-
volving a neutron in the final state—are essential for testing this flavor symmetry.
These decay modes also provide valuable insights into final-state interactions in
charmed baryon decays. In this work, we discuss the explicit roles of Λc decays
into a neutron for testing flavor symmetry and exploring final-state interactions.
The decay modes under consideration include semileptonic decays, two-body
nonleptonic decays, and three-body nonleptonic decays, none of which have
been experimentally observed to date.

Charmed baryon decays, particularly Λc and Ξc decays, are of great interest as
they serve as a platform for studying strong and weak interactions in heavy-to-
light baryonic transitions. They also provide essential inputs for Λb decay modes
that produce a charmed baryon such as Λc. On the experimental side, most
available results on Λc decays were obtained from older data until recently. In
2014, the Belle collaboration provided a measurement of the branching fraction
with very small uncertainty [1]: ℬ(Λ+

𝑐 → 𝑝𝐾−𝜋+)Belle = (6.84 ± 0.24+0.21
−0.27)%,

but the central value is much larger than the previous measurement by the
CLEO-c collaboration [2]: ℬ(Λ+

𝑐 → 𝑝𝐾−𝜋+)CLEO = (5.0 ± 1.2)%.

Based on their large dataset, the Belle collaboration also began studying doubly
Cabibbo-suppressed processes [3]. Using data collected in 𝑒+𝑒− collisions at a
center-of-mass energy of

√𝑠 = 4.599 GeV and adopting the double-tag technique,
the BES-III collaboration reported the first measurements of absolute hadronic
branching fractions for Cabibbo-favored decay modes [4]. In total, twelve Λc
decay modes were observed, with significant improvement on the 𝑝𝐾−𝜋+ branch-
ing fraction in particular: ℬ(Λ+

𝑐 → 𝑝𝐾−𝜋+)BESIII = (5.84 ± 0.23)%. While the
uncertainties are comparable to the Belle results, the central value is much
smaller and closer to the CLEO result. We believe this difference will be clari-
fied in the future, as the experimental prospects for charmed baryon decays are
very promising [5, 6].

Theoretical descriptions of charmed baryon decays are mostly based on the fac-
torization assumption together with analyses of non-factorizable contributions
in nonperturbative explicit models [7–10]. However, the factorization scheme
does not appear to be supported by experiments, as evidenced by the observed
large branching fractions for decays such as Λ+

𝑐 → Σ+𝜋0/Ξ0𝐾+, which are
forbidden in the factorization scheme [11]. An alternative, model-independent
approach is to use flavor SU(3) symmetry, which has been argued to work better
in charmed baryon decays [12–17] and bottom baryon decays [18–20].

As experimental precision gradually increases, the time is ripe to validate or
invalidate the applicability of SU(3) symmetry to charmed baryon decays. The
SU(3) transformation connects Λc with Ξc, but at present and in the foreseeable
future there are no experiments focusing on Ξc decays. Thus, Λc decays into var-
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ious final states—especially those involving a neutron—are of great value, as they
will be the only source for testing SU(3) symmetry in charmed-baryon decays.
The motivation of this work is to discuss the roles of Λc decays into a neutron in
testing SU(3) symmetry and exploring final-state interactions, including semilep-
tonic decays, two-body nonleptonic decays, and three-body nonleptonic decays.
All these exclusive decay modes have not yet been experimentally measured.

This paper is organized as follows. In Sec. III and Sec. IV, we explore the
two-body and three-body nonleptonic decays of the Λc, respectively. In Sec. II,
we study the semileptonic Λc decays. The final section contains our summary.

II. Semileptonic Λc Decays
We begin with semileptonic Λc decays. In the flavor SU(3) symmetry limit,
charmed baryons are classified according to SU(3) irreducible representations,
namely as multiplets of the light-quark system: 3 ⊗ 3 ⊗ ̄3 = ̄3 ⊕ 6 ⊕ ̄15 ⊕ 15.
The Λc and Ξc form the charmed-baryon anti-triplet in the initial state: 𝐵𝑐 =
(Ξ0

𝑐 , Ξ+
𝑐 , Λ+

𝑐 ). For the light baryons, we focus on the SU(3) octet represented by
the matrix:

𝑇 𝑎 = (Ξ0, Ξ−, Λ, Σ+, Σ0, Σ−, 𝑛, 𝑝)

The operator responsible for the 𝑐 → 𝑞 transition forms an SU(3) anti-triplet in
the final state. Thus the effective Hamiltonian at the hadron level is constructed
as:

ℋeff = 𝑎𝐻(3̄)
𝑎 𝑇 𝑏𝐵̄𝑎

𝑐 ̄𝜈𝑒𝑒

Measurements of the relevant branching fractions provide the most straightfor-
ward test of flavor SU(3) symmetry in charmed baryon decays. With the most
recent data from the BES-III collaboration [21], we can obtain the following
result:

ℬ(Λ+
𝑐 → Λ𝑒+𝜈𝑒)BESIII = (3.65 ± 0.20)%

From SU(3) symmetry, we predict:

ℬ(Λ+
𝑐 → 𝑛𝑒+𝜈𝑒)SU(3) = (2.93 ± 0.34)%

which might be accessible for the BES-III and Belle-II collaborations [5, 6].

In semileptonic decays, the neutron can be produced together with a light pseu-
doscalar meson. The lowest-lying pseudoscalar mesons can be written as:
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𝑀 =
⎛⎜⎜⎜
⎝

𝜋0√
2 + 𝜂√

6 𝜋+ 𝐾+

𝜋− − 𝜋0√
2 + 𝜂√

6 𝐾0

𝐾− 𝐾̄0 −√ 2
3 𝜂

⎞⎟⎟⎟
⎠

In this case, the effective hadronic interaction Hamiltonian is constructed as:

ℋeff = 𝑎[𝑇 𝑎𝐻(3̄)
𝑎 ](𝐵̄𝑏

𝑐𝑀𝑎
𝑏 ) ̄𝜈𝑒𝑒 + 𝑏[𝑇 𝑎𝐵̄𝑏

𝑐𝐻(3̄)
𝑐 ] ̄𝜈𝑒𝑒 + 𝑐[𝑇 𝑎𝑀𝑎

𝑏 𝐻(3̄)
𝑐 ] ̄𝜈𝑒𝑒

where the singlet contribution to � has been neglected. The coefficients 𝑎, 𝑏, 𝑐
are nonperturbative coefficients.

The above Hamiltonian leads to the expectation:

ℬ(Λ+
𝑐 → 𝑛𝑒+𝜈𝑒) = ℬ(Λ+

𝑐 → 𝑝𝐾−𝑒+𝜈𝑒)

which is testable in the near future. In fact, this identity holds under isospin
symmetry, whose breaking effect is much smaller in charm decays than that of
flavor SU(3) symmetry. In the semileptonic decays of 𝑐 → 𝑠𝑒+𝜈𝑒, the isospins
do not change, Δ𝐼 = 0. It should be stressed that this identity is applicable to
both resonant and non-resonant contributions.

The branching fraction for the inclusive decay of Λc into an electron has been
measured as [11]:

ℬ(Λ+
𝑐 → 𝑒+ + 𝑋) = (4.5 ± 1.7)%

Combining the results for Λ+
𝑐 → Λ𝑒+𝜈𝑒 in Eq. (8), we may expect:

ℬ(Λ+
𝑐 → 𝑛𝑒+𝜈𝑒) = ℬ(Λ+

𝑐 → 𝑝𝐾−𝑒+𝜈𝑒)

III. Two-Body Nonleptonic Λc Decays
For two-body nonleptonic decays of the Λc, there are no Cabibbo-allowed decay
modes into a neutron. Two-body decays into a neutron are either singly Cabibbo-
suppressed or doubly Cabibbo-suppressed:

Λ+
𝑐 → 𝑛𝜋+, Λ+

𝑐 → 𝑛𝐾+, Λ+
𝑐 → ⋯

The nonleptonic Λc decays are induced by the operators [ ̄𝑠𝑐][𝑢̄𝑑] for Cabibbo-
allowed modes and [ ̄𝑑𝑐][𝑢̄𝑑] for Cabibbo-suppressed modes. These operators can
be decomposed into irreducible representations of flavor SU(3). For instance:
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( ̄𝑠𝑐)(𝑢̄𝑑) = 𝑂15 = [( ̄𝑠𝑐)(𝑢̄𝑑) − (𝑢̄𝑐)( ̄𝑠𝑑)], [( ̄𝑠𝑐)(𝑢̄𝑑) + (𝑢̄𝑐)( ̄𝑠𝑑)]

Perturbative QCD corrections give rise to an enhancement of the coefficient for
𝑂6 over the coefficient for 𝑂15 by [22, 23]:

𝑐6
𝑐15

∼ ( 𝛼𝑠(𝑚𝑏)
𝛼𝑠(𝑚𝑊 ))

18/23
(𝛼𝑠(𝑚𝑐)

𝛼𝑠(𝑚𝑏))
18/25

If this is valid, then one has:

ℋeff = 𝑒𝐻𝑎𝑏(6)𝑇𝑎𝑐𝐵̄𝑐
𝑐 + 𝑓𝐻𝑎𝑏(6)𝑇𝑎𝑐𝑀𝑏

𝑐 + 𝑔𝐻𝑎𝑏(6)𝐵̄𝑏
𝑐𝑇𝑐𝑑

with 𝐻22(6) = 1 for Cabibbo-allowed modes, 𝐻23(6) = 𝐻32(6) = 2 sin(𝜃𝐶)
for singly Cabibbo-suppressed modes, and 𝐻33(6) = +2 sin(𝜃𝐶)2 for doubly-
Cabibbo-suppressed modes, where 𝜃𝐶 is the Cabibbo angle, and 𝑇𝑎𝑏 = 𝜖𝑎𝑏𝑐𝑇 𝑐.
The coefficients 𝑒, 𝑓 , 𝑔 are nonperturbative amplitudes.

Using Eq. (19), we find that for the doubly-Cabibbo-suppressed modes:

𝒜(Λ+
𝑐 → ⋯) = ⋯

For the singly-Cabibbo-suppressed modes, we have the decay amplitudes:

𝒜(Λ+
𝑐 → 𝑛𝐾+) = 𝒜(Λ+

𝑐 → 𝑝𝐾0)

𝒜(Λ+
𝑐 → 𝑛𝜋+) =

√
2𝒜(Λ+

𝑐 → 𝑝𝜋0) = (2𝑓 + 2𝑔) sin(𝜃𝐶)

which implies the relation:

ℬ(Λ+
𝑐 → 𝑛𝜋+) = 2ℬ(Λ+

𝑐 → 𝑝𝜋0)

Furthermore, we have the amplitudes for Cabibbo-allowed modes:

𝒜(Λ+
𝑐 → 𝑛𝜋+) = 2𝒜(Λ+

𝑐 → 𝑝𝜋0)

𝒜(Λ+
𝑐 → Λ𝜋+) = 𝒜(Λ+

𝑐 → ⋯)

Thus we can derive the sum rule that can be experimentally examined:

ℬ(Λ+
𝑐 → 𝑛𝜋+) = sin2(𝜃𝐶) [ℬ(Λ+

𝑐 → Λ𝜋+) + ℬ(Λ+
𝑐 → Σ0𝜋+)]
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The recent BES-III data [4] implies:

ℬ(Λ+
𝑐 → 𝑛𝜋+) = sin2(𝜃𝐶)[3.04% + 1.27%] = 0.04%

Future measurements by BES-III will be able to validate or invalidate the dom-
inance of the sextet assumption in the effective operator.

IV. Three-Body Nonleptonic Λc Decays
Compared to two-body decays, three-body Λc decays are more involved, since
they can proceed via quasi-two-body processes and non-resonant decays, and
secondly there are a number of independent amplitudes in SU(3) symmetry. In
the following we consider the 𝑁𝐾𝜋 system in the isospin limit:

|𝑝𝐾−𝜋+⟩ = √2
3|𝐼 = 1/2, 𝐼3 = +1/2⟩ + √1

3|𝐼 = 3/2, 𝐼3 = +1/2⟩

The superscripts (1) and (2) denote isospin states from (𝐼𝑁𝐾 , 𝐼𝐾𝜋) = (1, 0) and
(0, 1) couplings, respectively, which are independent of each other. Since the
Hamiltonian of the 𝑐 → 𝑠 ̄𝑑𝑢 transition has Δ𝐼 = 1, and the isospin of Λc is zero,
we can derive the decay amplitudes from the above decompositions:

𝒜(Λ+
𝑐 → 𝑛𝜋0) = 1√

2
𝒜(1) +

√
2𝒜(2)

𝒜(Λ+
𝑐 → 𝑝𝐾−𝜋+) = 𝒜(1) + 𝒜(2)

The above amplitudes lead to the sum rule:

𝒜(Λ+
𝑐 → 𝑛𝜋0) + 𝒜(Λ+

𝑐 → 𝑝𝐾−𝜋+) + 𝒜(Λ+
𝑐 → ⋯ 𝜋+) = 0

Note that the isospin amplitudes in Eq. (32) can change if we first couple the
𝐾𝜋 states from Eqs. (29-31), but the sum rule in Eq. (33) still holds.

Measurements of the branching ratios of the three channels can determine the
two amplitudes and, in particular, investigate the relative strong phases between
the two independent decay amplitudes. These phases arise from final-state
interactions, since if factorization works, the two independent amplitudes are
real with vanishing phases at leading order. These amplitudes, including phases,
can provide essential inputs for the analysis of nonleptonic decays into other
baryons like Λ.

From Eq. (32), we define the relative strong phase 𝛿 between 𝒜(1) and 𝒜(2):
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𝒜(2) = |𝒜(2)|𝑒𝑖𝛿

Then the branching fractions can be expressed as:

ℬ(Λ+
𝑐 → 𝑛𝜋0) = 1

2 |𝒜(1)|2 + 2|𝒜(2)|2 +
√

2|𝒜(1)||𝒜(2)| cos 𝛿

ℬ(Λ+
𝑐 → 𝑝𝐾−𝜋+) = |𝒜(1)|2 + |𝒜(2)|2 + 2|𝒜(1)||𝒜(2)| cos 𝛿

where we consider the relative strong phase to understand the final-state in-
teraction and neglect the phase spaces, which are actually integrated in the
three-body decays. Hence:

cos 𝛿 = ℬ(𝑝𝐾−𝜋+) + ℬ(⋯) − ℬ(⋯)
2√ℬ(𝑝𝐾−𝜋+)ℬ(⋯)

Defining:

𝑅𝑝 = ℬ(Λ+
𝑐 → 𝑛𝜋0)

ℬ(Λ+𝑐 → 𝑝𝐾−𝜋+)

𝑅𝑛 = ℬ(Λ+
𝑐 → ⋯ 𝜋+)

ℬ(Λ+𝑐 → 𝑝𝐾−𝜋+)

we have:

cos 𝛿 = 𝑅𝑝(1 + 𝑅𝑛 − ⋯)
2√𝑅𝑝𝑅𝑛

From the recent measurement by BESIII [4], 𝑅𝑝 = 0.64 ± 0.017. Then cos 𝛿
can be obtained once 𝑅𝑛 is measured. The relation between cos 𝛿 and 𝑅𝑛 is
shown in Fig. 1. Since we have 0.06 ≤ 𝑅𝑛 ≤ 4.54, the branching fraction of
Λ+

𝑐 → ⋯ 𝜋+ is obtained as:

ℬ(Λ+
𝑐 → ⋯ 𝜋+)Belle ≤ 0.04%

ℬ(Λ+
𝑐 → ⋯ 𝜋+)BESIII ≤ 0.035%

As we can see, this constraint is rather loose, thus experimental measurements
are urgently needed.
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[Figure 1: see original paper]: Correlation between cos 𝛿 and 𝑅𝑛, with 𝛿 as the
strong phase difference in Eq. (34) and 𝑅𝑛 as the ratio of branching fractions
in Eq. (37).

V. Summary
Unlike bottom hadron decays where the momentum transfer is typically large
enough to ensure the validity of perturbative QCD, charmed meson and baryon
decays are very difficult to understand. Due to the limited energy release, the
factorization scheme based on expansions in 1/𝑚𝑐 and 1/𝐸 is not always valid.
Flavor SU(3) symmetry is a powerful tool for analyzing charmed baryon decays,
which has been argued to work better than in charmed meson decays; however,
its validity must be experimentally examined. Since there is limited data on
Ξc decays, exclusive Λc decays into a neutron are essential for testing flavor
symmetry and investigating final-state interactions in charmed baryon decays.

In this work, we have discussed the roles of exclusive Λc decays into a neutron in
testing flavor symmetry and final-state interactions. We found that semileptonic
decays into a neutron provide the most straightforward way to explore flavor
SU(3) symmetry. Two-body nonleptonic decays can examine the assumption of
sextet dominance mechanism. Three-body nonleptonic decays into a neutron
are of great interest for exploring final-state interactions in Λc decays. All these
decay modes have not been experimentally observed to date.
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