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1 Introduction

Charmed baryon spectroscopy provides an ideal platform for studying the dynamics of light
quarks in the presence of a heavy quark. The strong decays of charmed baryons are most
conveniently described by heavy hadron chiral perturbation theory, in which heavy quark
symmetry and chiral symmetry are incorporated [1, 2]. The chiral Lagrangian involves several
coupling constants for transitions between s-wave and p-wave charmed baryons, referred to as
h2−h15 defined in ref. [3, 4]. Among these, the coupling constants h2 and h8 can be extracted
from the strong decays of Λc(2595)+ and Λc(2625)+ [5, 6]. These couplings are critical to
describe the charmed baryon spectrum and to make predictions of decays into other charmed
baryons. However, to date, the strong decays of Λc(2595)+ and Λc(2625)+ remain poorly
understood due to the lack of experimental data [7]. The existing determinations of h2 and
h8 are based on the measured decay widths of Λc(2595)+ and Λc(2625)+. Since the width of
Λc(2625)+ is nearly zero [7, 8], only the upper limit on h8 is provided. A precise measurement
of the strong decays of Λc(2595)+ and Λc(2625)+ is highly desirable. The corresponding
branching fractions (BFs) are important inputs for determining h2 and h8.

In the quark model, the Λc(2595)+ and Λc(2625)+ are the lowest-lying excited states
of Λ+

c with spin-parities of 1/2− and 3/2−, respectively, and form a degenerate pair of the
p-wave state [5, 6]. The upper limit on the absolute BF of the decay Λc(2595)+ → Λ+

c π
+π−

was determined to be less than 85.0% [9] at the 90% confidence level. The absolute BF of
the process Λc(2625)+ → Λ+

c π
+π− has been measured to be (51.1 ± 5.8stat. ± 3.5syst.)% [9].

However, the absolute BFs of these π0π0 transitions have, until now, never been measured
experimentally. Given that only an upper limit on the absolute BF has been obtained for the
decay Λc(2595)+ → Λ+

c π
+π−, measuring the absolute BF of the decay Λc(2595)+ → Λ+

c π
0π0

becomes increasingly important. Assuming isospin symmetry, the ratio between the BFs
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of π+π− and π0π0 transitions is 2:1, which forms the basis for the BFs of various strong
Λc(2595)+ and Λc(2625)+ decays quoted in the Particle Data Group (PDG) [7]. However,
isospin symmetry in these processes has not been verified by any experimental measurement.
In ref. [10], a mechanism known as the threshold effect is proposed to account for the limited
transition phase space in these strong decays. If this mechanism applies here as well, it would
break the 2:1 relation between π+π− and π0π0 transitions in Λc(2595)+ decay.

In this paper, we report the first measurement of the absolute BFs of Λc(2595)+ and
Λc(2625)+ → Λ+

c π
0π0, obtained from the processes of e+e− → Λ̄−

c Λc(2595)+ + c.c. and
Λ̄−

c Λc(2625)+ + c.c.. We use the data collected with the BESIII detector at centre-of-mass
(c.m.) energies

√
s = 4.918 and 4.951 GeV [11]. The integrated luminosities of the data

samples at 4.918 and 4.951 GeV are 208.1 and 160.4 pb−1 [12], respectively.

2 BESIII detector and Monte Carlo simulation

The BESIII detector [13] records symmetric e+e− collisions provided by the BEPCII [14]
storage ring, which operates in the center-of-mass energy (

√
s) range from 1.84 to 4.95 GeV,

with a peak luminosity of 1× 1033 cm−2s−1 achieved at
√
s = 3.77 GeV. BESIII has collected

large data samples at these energy regions [15]. The cylindrical core of the BESIII detector
covers 93% of the full solid angle and consists of a helium-based multilayer drift cham-
ber (MDC), a plastic scintillator time-of-flight system (TOF), and a CsI(Tl) electromagnetic
calorimeter (EMC), which are all enclosed in a superconducting solenoidal magnet providing
a 1.0 T magnetic field [16]. The solenoid is supported by an octagonal flux-return yoke
with resistive plate counter based muon identification modules interleaved with steel. The
charged-particle momentum resolution at 1 GeV/c is 0.5%, and resolution of the ionization
energy loss in the MDC (dE/dx) is 6% for electrons from Bhabha scattering. The EMC
measures photon energies with a resolution of 2.5% (5%) at 1 GeV in the barrel (end-cap)
region. The time resolution in the TOF barrel region is 68 ps, while that in the end-cap
region is 110 ps. The end-cap TOF system was upgraded in 2015 using multi-gap resistive
plate chamber technology, providing a time resolution of 60 ps [17, 18].

Simulated samples are produced with a Geant4-based [19] Monte Carlo (MC) toolkit,
which includes a full implementation of the detector geometry and response [16] of the
BESIII detector. The simulations are used to determine the efficiency of the detector and the
reconstruction, and to estimate the background. The inclusive MC samples, which consists
of Λ+

c Λ̄−
c events, D(s) production, ψ states produced in initial state radiation processes,

and continuum processes e+e− → qq̄ (q = u, d, s), is generated to estimate the potential
background. Here, all the known decay modes of charmed hadrons and charmonia are modeled
with evtgen [20, 21] using BFs taken from the PDG [7], while the remaining unknown
decays are modeled with lundcharm [22, 23]. Final state radiation from charged final state
particles is incorporated using photos [24].

3 Measurement method

This analysis is performed to search for the signal processes Λc(2595)+ → Λ+
c π

0π0 and
Λc(2625)+ → Λ+

c π
0π0, based on the productions e+e− → Λ̄−

c Λc(2595)+ and Λ̄−
c Λc(2625)+,
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and to measure their BFs in a model-independent approach. Firstly, three hadronic decay
modes are used to reconstruct the Λ̄−

c candidates, which are referred to as tagged Λ̄−
c hereafter.

These three hadronic decay modes are Λ̄−
c → p̄K+π−, p̄K0

S, and Λ̄π−, where the subsequent
decay modes of the intermediate states are K0

S → π+π− and Λ̄ → p̄π+. Then, we search
for the signals Λ∗+

c → Λ+
c π

0π0 on the recoiling side against the Λ̄−
c . Here, Λ∗+

c represents
either Λc(2595)+ or Λc(2625)+.

The BFs of Λ∗+
c → Λ+

c π
0π0 are determined as,

B =
(Nobs

Λ∗+
c

−Nbkg) · ∑
i Bi

tagϵ
i
tag

Ntag ·
∑

i Bi
tagϵ

i
sig

, (3.1)

where i represents each tag mode, Btag denotes the BFs of the tag modes, ϵtag corresponds to
the efficiencies of reconstructing the tagged Λ̄−

c , and ϵsig represents the efficiencies of selecting
the signals Λ∗+

c → Λ+
c π

0π0 together with the tagged Λ̄−
c , as listed in table 1 and table 2.

The Ntag stands for the number of total events for Λc(2595)+ or Λc(2625)+ after selecting
the tagged Λ̄−

c . The Nobs
Λ∗+

c
is the number of observed events for signal Λ∗+

c → Λ+
c π

0π0. Due
to the fact that the energy of the photons is always lower than 150 MeV, the efficiency of
detecting all four γ’s from the two π0’s is only 10%. Therefore, we have adopted a partial
reconstruction strategy to increase the efficiency of selecting the signal Λ∗+

c → Λ+
c π

0π0,
rather than full reconstruction. The peaking background contamination originated from
the sources Λ∗+

c → Λ+
c π

+π− will be subtracted, and the corresponding number of events
is denoted as Nbkg.

The signal MC samples of e+e− → Λ̄−
c Λc(2595)+/Λ̄−

c Λc(2625)+ → Λ̄−
c Λ+

c π
0π0 are

generated for the individual c.m. energies using the generator kkmc [25], incorporating initial
state radiation effects and beam energy spread. To achieve a more accurate simulation, the
polar angle (θ) distributions of Λc(2595)+ and Λc(2625)+ are considered in the generator
via a parametrization of f(cos θ) ∝ (1 + αΛc cos2 θ). For e+e− → Λ̄−

c Λc(2625)+, the αΛc

is assigned to the measured values in ref. [26], while for e+e− → Λ̄−
c Λc(2595)+, the αΛc is

set to 1. Additionally, any possible deviations from these values are considered as a source
of systematic uncertainty. The Λ̄−

c is required to decay into the three tag modes, while
the Λ+

c decays into any allowed final states. The input line shapes for their cross sections
are also obtained from ref. [26]. The charge-conjugate processes e+e− → Λ+

c Λ̄c(2595)− and
Λ+

c Λ̄c(2625)− are similarly generated with Λ̄c(2595)− and Λ̄c(2625)− → Λ̄−
c π

0π0, where the
Λ+

c subsequently decays to any allowed processes and the Λ̄−
c decays to the three tag modes.

These signal MC samples are used to extract the signal shapes and efficiencies ϵisig.
Moreover, to extract the total yields Ntag and corresponding efficiencies ϵitag, additional

MC samples of e+e− → Λ̄−
c Λc(2595)+ and Λ̄−

c Λc(2625)+ are generated with the Λ̄−
c decaying

into the three tag modes and the Λ∗+
c into any allowed processes. Their charge-conjugate

processes e+e− → Λ+
c Λ̄c(2595)− and Λ+

c Λ̄c(2625)− are produced with the Λ+
c decaying into

any allowed processes and the Λ̄−
c into the three tag modes. The decays of Λc(2595)+ and

Λc(2625)+ are modelled based on the information in the PDG [7], with both decaying into
Λ+

c π
+π− and Λ+

c π
0π0 final states.

In the analysis, the events with Λ̄−
c → p̄K+π−, p̄K0

S , and Λ̄π− are selected in the
meantime, which correspond to the charge-conjugate modes of tagged Λ̄−

c and are referred to
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as tagged Λ+
c . Signal MC samples are also generated for the tagged Λ+

c , which are exactly the
same as those for tagged Λ̄−

c . For simplicity, throughout this paper, only cases with tagged Λ̄−
c

are described, while those with charge-conjugate mode of tagged Λ+
c are implicitly included.

4 Selection for tagged Λ̄−
c and extraction of the number of total events

for Λ∗+
c

Charged tracks detected in the helium-based MDC are required to be within a polar angle (θ)
range of |cosθ| < 0.93, where θ is defined with respect to the z-axis. The distance of closest
approach for charged tracks that do not come from a Λ or K0

S decay are required to be within
±10 cm along the z-axis and 1 cm in the plane perpendicular to the beam. The particle
identification (PID) is implemented by combining measurements of the specific ionization
energy loss in the MDC and the TOF between the interaction point and the dedicated TOF
detector system. Each charged track that doesn’t come from K0

S and Λ̄ is assigned a particle
type of pion, kaon or proton, according to which assignment has the highest probability. For
the mode Λ̄−

c → p̄K+π−, a vertex fit is performed to each p̄K+π− combination candidate,
and the re-fitted momenta are used in the further study.

Candidates for K0
S and Λ̄ are reconstructed by their dominant modes K0

S → π+π− and
Λ̄ → p̄π+, respectively, where the charged tracks are required to have distances of closest
approaches to the interaction point that are within ±20 cm along the z-axis. To improve the
signal purity, the PID requirement is only applied to the (anti)proton candidate, but not for
the charged pion. A secondary vertex fit constrained by the decay vertex and the production
vertex is performed to each K0

S or Λ̄ candidate, and the re-fitted momenta are used in the
further analysis. The K0

S or Λ̄ candidate is accepted by requiring the χ2 of the secondary
vertex fit to be less than 100. Furthermore, the decay vertex is required to be separated
from the interaction point by a distance of at least twice the fitted vertex resolution, and the
invariant mass to be within (0.487, 0.511) GeV/c2 for π+π− and (1.111, 1.121) GeV/c2 for p̄π+.

All combinations for each tag mode of Λ̄−
c are retained, and their invariant mass, M(Λ̄−

c ),
is required to fall within the range (2.27, 2.30) GeV/c2. The recoiling mass of the tagged
Λ̄−

c , M tag
recoil(Λ̄−

c ), is depicted in Figure 1(a) and 1(b) by combining the three tag modes.
The resonances Λc(2595)+ and Λc(2625)+ are observed at both energy points, indicating
the existence of processes e+e− → Λ̄−

c Λc(2595)+ and Λ̄−
c Λc(2625)+. Meanwhile, the charge-

conjugate processes e+e− → Λ+
c Λ̄c(2595)− and Λ+

c Λ̄c(2625)− distribute broadly beneath the
resonances, as the tagged Λ̄−

c can originate from the decays of Λ̄c(2595)− or Λ̄c(2625)−. These
productions, where the tagged Λ̄−

c arises directly from e+e− collision, are denoted as Stag
ee ,

while those tagged Λ̄−
c originates from the decays of Λ̄∗−

c are denoted as Stag
inte.

An unbinned maximum likelihood fit is performed to the distribution of M tag
recoil(Λ̄−

c )
(denoted as fittag hereafter). Both processes Stag

ee and Stag
inte are included, and they are modelled

by MC simulations in the fittag. The two contributions are correlated with the same production
cross section and individual detection efficiencies ϵtag. The contributions Stag

ee are further
convolved with Gaussian functions, which are shared between the two resonances due to the
limited sample sizes at individual energy values, and account for the resolution difference
between data and MC simulation. The backgrounds include contributions from continuum
hadron production (denoted as qq̄), e+e− → Λ+

c Λ̄−
c , e+e− → ΣcΣ̄c, and e+e− → ΣcΛ̄−

c π,
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Figure 1. The fits to the distributions M tag
recoil(Λ̄−

c ) at
√
s = 4.918 GeV (a) and 4.951 GeV (b). The

black points with error bars are data. The solid curves represent the fit results, and the dashed
curves describe individual components including both signals and backgrounds. The contribution of
e+e− → ΣcΣ̄c is negligible according to the fit results and cannot be seen evidently in the figures.

Λ̄−
c decays ϵtag (%) ϵsig (%) Ntag Nsig

Λ̄−
c Λc(2595)+

p̄K+π− 48.5 27.2
p̄K0

S 49.9 26.7 135.2 ± 26.4 40.3 ± 7.6
Λ̄π− 38.5 20.7

Λ̄−
c Λc(2625)+

p̄K+π− 46.6 27.9
p̄K0

S 50.0 26.7 418.7 ± 34.4 88.7 ± 11.3
Λ̄π− 38.3 19.9

Table 1. The detection efficiencies, ϵtag and ϵsig, for each tag mode at
√
s = 4.918 GeV. The numbers

of events, Ntag and Nsig (Nobs
Λ∗+

c
−Nbkg), combine the three tag modes.

where π denotes the isospin triplets π± and π0, and the Σc denotes the triplets Σ++
c , Σ+

c , and
Σ0

c . The processes qq̄ and Λ+
c Λ̄−

c are grouped together and modelled by ARGUS functions [27],
the shape parameters of which are obtained by fitting the distributions of M tag

recoil(Λ̄−
c ) in the

data at
√
s = 4.840 GeV [12], which is below the Λ∗+

c production threshold. The magnitudes
of the ARGUS functions are free parameters in the fittag. The shapes of the contributions
e+e− → ΣcΣ̄c and ΣcΛ̄−

c π are derived from MC simulations, and their yields are determined
in the fittag. The fit results are depicted in Figure 1(a) and 1(b), where the background
contributions of e+e− → ΣcΣ̄c are negligible. The significances of Λc(2595)+ components
are 5.3σ and 8.3σ for

√
s = 4.918 and 4.951 GeV, respectively. The corresponding values

for Λc(2625)+ components are 12.7σ and 14.0σ.

5 The selection of Λ+
c π0π0 candidates and extraction of the signal yields

Since the energy of the photons from the two π0’s in the signal process Λ∗+
c → Λ+

c π
0π0

is less than 150 MeV, the efficiency of detecting all of them is only 10%. To improve the
efficiency, a partial reconstruction strategy, relying on the topological differences, is adopted
to select the signals and suppress the dominant backgrounds. Due to the presence of the
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Λ̄−
c decays ϵtag (%) ϵsig (%) Ntag Nsig

Λ̄−
c Λc(2595)+

p̄K+π− 48.8 22.3
p̄K0

S 49.0 22.3 210.3 ± 28.3 54.5 ± 10.2
Λ̄π− 37.8 16.6

Λ̄−
c Λc(2625)+

p̄K+π− 47.4 21.9
p̄K0

S 49.6 22.4 670.9 ± 55.6 114.0 ± 14.6
Λ̄π− 37.6 16.6

Table 2. The detection efficiencies, ϵtag and ϵsig, for each tag mode at
√
s = 4.951 GeV. The numbers

of events, Ntag and Nsig (Nobs
Λ∗+

c
−Nbkg), combine the three tag modes.

tagged Λ̄−
c , the dominant backgrounds to the signals originate from the processes Λ∗+

c → Λ+
c γ

and Λ∗+
c → Λ+

c π
+π−. Another potential background Λ∗+

c → Λ+
c π

0 is not taken into account
because it is isospin violated process and its branching fraction is highly suppressed.

To suppress the background from Λ∗+
c → Λ+

c γ decay, we veto the events with Eγ ∈
(0.28, 0.35) GeV for

√
s = 4.918 GeV and Eγ ∈ (0.25, 0.38) GeV for

√
s = 4.951 GeV, where

Eγ represents the deposited energy of photons in the EMC. To suppress the background
from Λ∗+

c → Λ+
c π

+π− decay, we require the number of charged pions with Pπ± < 150 MeV/c
to be zero (Nπ± = 0). Here, Pπ± represents the momentum of π+ or π− candidates, and
the identification criteria for π± are the same as those used in the reconstruction of the
tagged Λ̄−

c . Additionally, we veto events if the number of π0 with Pπ0 < 0.15 GeV/c is
zero (Nπ0 > 0), where Pπ0 denotes the momentum of π0. The π0 is reconstructed with its
dominant decay mode π0 → γγ, and the photon candidates are identified using showers in the
EMC. The deposited energy of each shower must be greater than 25 MeV in the barrel region
(| cos θ| ≤ 0.80) or greater than 50 MeV in the end-cap region (0.86 ≤ | cos θ| ≤ 0.92). To
suppress electronic noise and showers unrelated to the event, the difference between the EMC
time and the event start time is required to be within (0, 700) ns. The π0 candidates are
formed with a photon pair within the invariant-mass region (0.115, 0.150) GeV/c2. To improve
the resolution, a kinematic fit is performed by constraining the invariant mass of the photon
pair to be the π0 mass [7] and requiring the corresponding χ2 of the fit to be less than 200.

With all the above selections, the signals Λ∗+
c → Λ+

c π
0π0 are further investigated in

the recoiling mass distribution against the tagged Λ̄−
c , M sig

recoil(Λ̄−
c ), as shown in Figure 2 for

both energy points. Here, the resonances Λc(2595)+ and Λc(2625)+ are clearly observed,
indicating the signals Λc(2595)+ and Λc(2625)+ → Λ+

c π
0π0. Similarly to Figure 1, the signal

processes with the tagged Λ̄−
c arising directly from e+e− collision are denoted as Ssig

ee , while
those with the tagged Λ̄−

c from the decays of Λ̄∗−
c are denoted as Ssig

inte. Another unbinned
maximum likelihood fit is performed to the distribution of M sig

recoil(Λ̄−
c ) (denoted as fitsig

hereafter), where both signal contributions Ssig
ee and Ssig

inte are included, and their shapes
are modelled by MC simulations. The sources of non-peaking backgrounds are the same as
those in the previous fittag. The processes qq̄ and Λ+

c Λ̄−
c are modelled using inclusive MC

samples in the fitsig, with their magnitudes determined by fitting the events in the sideband
region of M(Λ̄−

c ) ∈ [2.19, 2.25] GeV/c2 and M(Λ̄−
c ) ∈ [2.32, 2.38] GeV/c2. The shapes of

the e+e− → ΣcΛ̄−
c π backgrounds are modelled by MC simulations, with their magnitudes

– 6 –



J
H
E
P
0
8
(
2
0
2
5
)
0
6
5

treated as free parameters in the fitsig. Here, the process e+e− → ΣcΣ̄c is not included, as
its contribution is already negligible in the previous fittag. The resulting fitted curves are
depicted in Figure 2(a) and 2(b), and the statistical significances of signals Λc(2595)+ and
Λc(2625)+ → Λ+

c π
0π0 are 5.3σ and 8.3σ by combining the two energy points.

Since the Λ∗+
c → Λ+

c π
+π− backgrounds exhibit similar distributions in M sig

recoil(Λ̄−
c )

as the signals Λ∗+
c → Λ+

c π
0π0, they also contribute events to the resonances Λc(2595)+

and Λc(2625)+. These backgrounds will be subtracted from the signal yields in the fitsig,
denoted as the term “Nobs

Λ∗+
c

− Nbkg” in Equation 3.1. The Λ∗+
c → Λ+

c π
+π− backgrounds

are estimated using the corresponding exclusive MC samples, and their event yields are
normalised with B(Λc(2595)+ → Λ+

c π
+π−) = (66.0 ± 14.1stat.)% [7] and B(Λc(2625)+ →

Λ+
c π

+π−) = (51.1 ± 5.8stat. ± 3.5syst.)% [9], respectively. This results into 7.5 and 5.7 events
for Λc(2595)+ → Λ+

c π
+π− background, and 5.5 and 3.4 events for Λc(2625)+ → Λ+

c π
+π−

background at
√
s = 4.918 GeV and

√
s = 4.951 GeV, respectively. Another potential source

of peaking backgrounds is the processes Λ∗+
c → Λ+

c γ. However, the decay Λ∗+
c → Λ+

c γ has
not been observed [7]. Therefore, the contributions are estimated by conservatively assigning
B(Λc(2595)+ → Λ+

c γ) = 5.0% and B(Λc(2625)+ → Λ+
c γ) = 5.0%. This results into 1.7 and

1.3 events for Λc(2595)+ → Λ+
c γ, and 1.3 and 0.8 for Λc(2625)+ → Λ+

c γ at
√
s = 4.918 and

4.951 GeV, respectively. The contamination from Λ∗+
c → Λ+

c γ backgrounds is considered
negligible. The obtained signal yields are listed in table 1.

Due to inconsistencies in the information of fake photons between data and MC simulation,
the efficiency of the requirement on Nπ0 , obtained from signal MC samples, needs to be
corrected. A control sample of e+e− → Λ+

c Λ̄−
c with Λ̄−

c decaying into the three tag modes
and Λ+

c to any allowed processes is selected using the data set at
√
s = 4.68 GeV. This control

sample exhibits a photon environment comparable to that of the signal e+e− → Λ̄−
c Λ∗+

c

with Λ∗+
c → Λ+

c π
0π0 and Λ̄−

c decaying into the three tag modes, excluding the γ’s from the
signal π0’s. To replicate the photon environment in data for the signal processes, a mixed
sample is created. Each event in the mixed sample comprises non-signal γ’s from the control
sample and signal γ’s from the decay of the π0’s, which are the daughter particles of Λ∗+

c .
The signal γ’s are obtained from the signal MC samples. All the non-signal and signal γ’s
are randomly selected from the control sample and signal MC samples at the reconstruction
level, respectively, and they are combined to form an event in the mixed sample. The π0

candidates are then reconstructed with any photon pairs in each event of the mixed sample.
Subsequently, the requirement on Nπ0 is applied to both the signal MC samples and the mixed
sample, and the corresponding selection efficiencies are determined to be 0.2327 and 0.2132,
respectively. Their ratio, 0.92, is assigned as the correction factor in the efficiencies ϵsig.

The BFs of Λc(2595)+ → Λ+
c π

0π0 and Λc(2625)+ → Λ+
c π

0π0 are determined to be (59.5±
11.1stat.)% and (41.0±5.2stat.)%, respectively, where the uncertainties are statistical. Two toy
MC samples are generated using the Probability Density Function (PDF) of B(Λc(2625)+ →
Λ+

c π
0π0) and B(Λc(2625)+ → Λ+

c π
+π−) after cancelling the uncertainties from tag yields,

and a set of the corresponding ratio of these two BFs is obtained. The ratio of the BFs
between Λc(2625)+ → Λ+

c π
0π0 and Λc(2625)+ → Λ+

c π
+π− is determined to be 0.8 ± 0.2.
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Figure 2. The fits to the distributions M sig
recoil(Λ̄−

c ) at
√
s = 4.918 GeV (a) and 4.951 GeV (b). The

black points with error bars are data. The solid curves represent the fit results, and the dashed curves
describe individual components including both signals and backgrounds.

6 Systematic uncertainty

The systematic uncertainties in the BFs measurements primarily arise from the line shapes of
cross sections, c.m. energy, beam energy spread, tag yield, efficiency correction of the Nπ0

requirement, π± and γ vetoes, background estimation, and fit strategy. According to the
Equation 3.1, the selection criteria of the tagged Λ̄−

c affect both ϵtag and ϵsig. Therefore,
the systematic uncertainties in detection efficiency and Btag can be canceled out. All the
systematic uncertainties are listed in table 3.

• Line shapes of cross sections: the uncertainties associated with the input line
shapes of cross sections for e+e− → Λ+

c Λ̄c(2595)− and e+e− → Λ+
c Λ̄c(2625)− are

studied by generating alternative MC samples with the cross sections varied by ±1σ [26]
at

√
s = 4.918 and 4.951 GeV. The two maximum differences in BFs with respect to the

nominal values are 2.8% and 2.1% for Λc(2595)+ and Λc(2625)+, respectively.

• Centre-of-mass energy: since
√
s = 4.918 GeV is close to the Λ+

c Λ̄c(2625)− threshold,
the fISR factor is highly sensitive to its actual energy value, where fISR is initial
state radiation correction. In this analysis, the c.m. energy is measured to be

√
s =

4918.02 ± 0.34 ± 0.34 MeV, and we obtain the systematic uncertainty in fISR at this
point by varying the energy by ±1σ. The maximum difference in resultant efficiencies
between this case and the nominal one is regarded as the systematic uncertainty. The
uncertainties are 0.4% and 3.3% for Λc(2595)+ and Λc(2625)+, respectively. For the
other energy value, which is far from the threshold, the systematic uncertainties are
negligible. The uncertainties at two energy values are weighted by the cross sections [26]
and are assigned as 1.1% and 0.1% for Λc(2595)+ and Λc(2625)+, respectively.

• Beam energy spread: the beam energy spread has been estimated to be 1.55 ±
0.18 MeV at

√
s = 4599.53 MeV [28]. Then, it is calculated to be 1.77 ± 0.20 MeV at√

s = 4918.02 MeV using the functions BES4918.02 = 4918.022

4599.532 ·BES4599.53 and δBES4918.02 =
δBES4599.53
BES4599.53

· 4918.022

4599.532 · BES4599.53 as described in ref. [29]. We obtain the systematic
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uncertainty at this energy point by generating alternative MC samples with the beam
energy spread set to 1.57 MeV and 1.97 MeV. The difference in the resultant efficiencies
is regarded as the systematic uncertainty. The uncertainties are 0.0% and 3.4% for
Λc(2595)+ and Λc(2625)+, respectively. For the other energy point, the systematic
uncertainties are negligible as it is far from the threshold. The uncertainties at the two
energy points are weighted by the cross sections [26] and are assigned as 0.0% and 1.1%
for Λc(2595)+ and Λc(2625)+, respectively.

• Tag yields: the uncertainty due to the tag yields cancels out. However, the uncer-
tainty arising from background fluctuations in the tag yields contributes an additional
uncertainty, which is determined to be

√
σNtag −Ntag, where σNtag is the statistical

uncertainty obtained from the fit, and Ntag is the purely statistical uncertainty. The
uncertainties are 10.4% and 5.2% for Λc(2595)+ and Λc(2625)+, respectively.

• Efficiency correction of the Nπ0 requirement: the uncertainty in the efficiency
correction of the Nπ0 requirement arises from the statistical uncertainties in the yield
of the mixed sample. The uncertainty, 1.2%, is assigned as the systematic uncertainty.

• π± and γ vetoes: we study the uncertainty of π± and γ vetoes together using a
control sample of Λ̄−

c Λ+
c pair at

√
s = 4.68 GeV, where Λ̄−

c → p̄K+π− and Λ+
c decays

to any allowed processes. After applying the π± and γ vetoes, the efficiency difference
of between data and MC simulation is 0.7%, which is assigned as the systematic
uncertainty.

• Background estimation of Λ∗+
c → Λ+

c π
+π−: the uncertainty in background es-

timation of Λc(2595)+ → Λ+
c π

+π− is evaluated by estimating the event yields of
Λc(2595)+ → Λ+

c π
+π− backgrounds using B(Λc(2595)+ → Λ+

c π
+π−) = (1 − 59.5%).

The new BF of Λc(2595)+ → Λ+
c π

0π0 is measured to be 63.9%. The difference of
new BF and the nominal one is 7.4%. The uncertainty in background estimation of
Λc(2625)+ → Λ+

c π
+π− is estimated by quoting the BF uncertainty of Λc(2625)+ →

Λ+
c π

+π− = (50.7 ± 5.0stat. ± 4.9syst.)% from ref. [9]. The resultant uncertainties are
7.4% and 1.0% for Λc(2595)+ and Λc(2625)+, respectively.

• Fit: the uncertainty in the fitting strategy is also taken into account, which arises from:

1. The uncertainty from the signal shape is estimated by changing the signal shape
from the signal MC shape to the signal MC shape convolved with Gaussian functions
with free parameters. The difference, 0.5%, is assigned as the uncertainty.

2. The uncertainty arising from the estimation of the process e+e− → ΣcΛ̄−
c π: we

obtain the systematic uncertainty in the line shape of the ΣcΛ̄cπ by generating
alternative MC samples with the input line shapes of cross sections changed to a flat
line shape. The difference in resultant BFs is regarded as the systematic uncertainty.
The uncertainties are 0.02% and 0.06% for Λc(2595)+ and Λc(2625)+, respectively,
and we consider these uncertainties negligible. To estimate the uncertainty, we
perform the fitting using only the shape of e+e− → Σ+

c Λ̄−
c π

0 instead of the original
shape of e+e− → ΣcΛ̄−

c π, and we fix the yields of e+e− → Σ+
c Λ̄−

c π
0 based on the
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Source Λc(2595)+ → Λ+
c π

0π0 Λc(2625)+ → Λ+
c π

0π0

Line shapes of cross sections 2.8 2.1
C.m. energy 1.1 0.1
Beam energy spread 0.0 1.1
Tag yield 10.4 5.2
Efficiency correction of the Nπ0 requirement 1.2 1.2
π± and γ vetoes 0.7 0.7
Background estimation of Λ∗+

c → Λ+
c π

+π− 7.4 1.0
Fit 1.9 5.6
Total 13.3 8.1

Table 3. Summary of systematic uncertainties (in %).

event number ratio of e+e− → Σc and Σ+
c . The ratio is obtained from the study

of Λ∗+
c → Λ+

c π
+π− [9]. The deviations of the fitted signal yields are treated as the

systematic uncertainties, which are 1.9% and 5.6% for Λc(2595)+ and Λc(2625)+,
respectively.

Table 3 summarises the sources of the systematic uncertainties in the BF measurements
of Λc(2595)+ and Λc(2625)+ → Λ+

c π
0π0. The total systematic uncertainties are calculated

by adding all sources in quadrature, which are 13.3% and 8.1% for Λc(2595)+ and Λc(2625)+,
respectively.

7 Summary

The strong decays Λc(2595)+ → Λ+
c π

0π0 and Λc(2625)+ → Λ+
c π

0π0 are measured using
the 368.48 pb−1 of e+e− data collected at

√
s = 4.918 and 4.951 GeV with the BESIII

detector at BEPCII. For the first time, the BF of Λc(2595)+ → Λ+
c π

0π0 is measured to be
(59.5 ± 11.1stat. ± 7.9syst.)%, while the BF of Λc(2625)+ → Λ+

c π
0π0 is measured to be (41.0 ±

5.2stat. ± 3.3syst.)%. The absolute BF of the process Λc(2625)+ → Λ+
c π

+π− at
√
s = 4.918

and 4.951 GeV has been measured to be (51.1±5.8stat. ±3.5syst.)% [9]. The upper limit on the
BF of decay Λc(2595)+ → Λ+

c π
+π− is updated to be less than 58.0% at the 90% confidence

level, based on the constraint B(Λc(2595)+ → Λ+
c π

0π0) + B(Λc(2595)+ → Λ+
c π

+π−) <= 1,
where the uncertainty of B(Λc(2595)+ → Λ+

c π
0π0) has been taken into account. Table 4

shows a comparison of our BFs with the results of the Λ∗+
c → Λ+

c π
+π− decay. This analysis

provides a model-independent measurement, representing the first experimental results for
Λc(2595)+ and Λc(2625)+ → Λ+

c π
0π0. This results will serve as an important inputs for

calibrating relative measurements and guiding the search for unknown decays of Λc(2595)+

and Λc(2625)+. The ratio of B(Λc(2625)+ → Λ+
c π

0π0) to B(Λc(2625)+ → Λ+
c π

+π−) is
calculated to be 0.8 ± 0.2 after cancelling the uncertainties from tag yields. The absolute BF
of the process Λc(2595)+ → Λ+

c π
0π0 is consistent with the expected “threshold effect” within

the uncertainty. However, further confirmation with additional data in the future is necessary.

– 10 –



J
H
E
P
0
8
(
2
0
2
5
)
0
6
5

PDG [7] Measurements
B(Λc(2595)+ → Λ+

c π
0π0) − (59.5 ± 11.1stat. ± 7.9syst.)%

B(Λc(2625)+ → Λ+
c π

0π0) − (41.0 ± 5.2stat. ± 3.3syst.)%
B(Λc(2595)+ → Λ+

c π
+π−) − < 85.0% [9]

B(Λc(2595)+ → Λ+
c π

+π−) − < 58.0% estimated by this work
B(Λc(2625)+ → Λ+

c π
+π−) ≈ 67% (51.1 ± 5.8stat ± 3.5syst)% [9]

Table 4. Summary of the results.
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