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Based on 4.5 fb−1 of eþe− collision data accumulated at center-of-mass energies between 4599.53 and
4698.82 MeV with the BESIII detector, the decay Λþ

c → nK0
Sπ

þπ0 is observed for the first time with a
significance of 9.2σ. The branching fraction is measured to be ð0.85� 0.13� 0.03Þ%, where the first
uncertainty is statistical and the second is systematic, which differs from the theoretical prediction based on
isospin by 4.4σ. This indicates that there may be resonant contributions or some unknown dynamics in this
decay.
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I. INTRODUCTION

Experimental studies of charmed baryon decays provide
important information on the strong and weak interactions
in the environment of heavy quarks. The lightest charmed
baryon Λþ

c was first observed in eþe− annihilation at the
Mark II experiment [1]. So far, 70% of the Λþ

c decays have
been observed [2,3], of which the total branching fraction
(BF) of the decays involving a neutron is ð32.4� 1.7Þ%
[4]. To deeply understand the properties of nonperturbative
quantum chromodynamics, studies of multibody hadronic
decays that include potential intermediate processes are
needed. Recently, the BFs of the Cabibbo-favored four-
body decays Λþ

c → pK−πþπ0 [5], Λþ
c → nK−πþπþ [6],

and Λþ
c → pK0

Sπ
þπ− [5] were measured to be ð4.53 �

0.38Þ%, ð1.90� 0.12Þ%, and ð1.53� 0.14Þ%, respec-
tively. However, the isospin-related decay Λþ

c → nK0
Sπ

þπ0

has not been observed yet.
Theoretically, the decay amplitude of Λþ

c consists
of factorizable and nonfactorizable contributions [7,8].
It is known that the nonfactorizable contribution is negli-
gible compared to the factorizable one in describing the
nonleptonic weak decays of charmed mesons [9]. However,
the contributions are different in Λþ

c decays, where the W-
exchange diagram manifesting a pole diagram is no longer
subject to helicity and color suppression [10]. As shown in
Fig. 1, the Λþ

c → nK0
Sπ

þπ0 decay proceeds through exter-
nal and internalW-emission processes, where the dynamics
includes both factorizable and nonfactorizable contribu-
tions. There has been much progress in the theoretical and

experimental studies of the two-body decays of the Λþ
c

[11]. However, due to possible intermediate resonances, the
dynamics of multibody decays of Λþ

c is more complex, and
theoretical calculations are not reliable yet. The decay
Λþ
c → nK0

Sπ
þπ0 is dominated by the weak interaction

process c → sud̄. A phenomenological model based on
isospin [12] predicts a BF for this decay of ð1.54� 0.08Þ%
and further relates the BFs for all NK̄ππ final states.
In this paper, we report the first observation of

Λþ
c → nK0

Sπ
þπ0 based on the data samples accumulated

at center-of-mass (c.m.) energies between 4599.53 and
4698.82 MeV with the BESIII detector. These data samples
correspond to an integrated luminosity of 4.5 fb−1 [13–16],
as listed in Table I. Because of the energy being just
above the threshold of Λþ

c Λ̄−
c pair production, the Λþ

c Λ̄−
c

pairs are generated without other accompanied hadrons,
which makes it feasible to apply the double-tag (DT)
method [17] and reconstruct the neutron with missing
neutron mass technique. The Λþ

c is reconstructed by
recoiling against the single-tag (ST) candidate Λ̄−

c at these
c.m. energies, and an event containing an ST Λ̄−

c and a
signal Λþ

c is referred to as a DT candidate. Charge-
conjugated decays are implied throughout this paper.

II. BESIII EXPERIMENT AND MONTE CARLO
SIMULATION

The BESIII detector [18] records symmetric eþe−
collisions provided by the BEPCII storage ring [19]
in the c.m. energy ranging from 2.0 to 4.95 GeV, with
a peak luminosity of 1 × 1033 cm−2 s−1 achieved atffiffiffi
s

p ¼ 3.773 GeV. BESIII has collected large data samples
in this energy region [20]. The cylindrical core of the BESIII
detector covers 93% of the full solid angle and consists of a
helium-based multilayer drift chamber (MDC), a plastic
scintillator time-of-flight system (TOF), and a CsI(Tl)
electromagnetic calorimeter (EMC), which are all enclosed
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in a superconducting solenoidal magnet providing a 1.0 T
magnetic field. The solenoid is supported by an octagonal
flux-return yoke with resistive plate counter muon identi-
ficationmodules interleavedwith steel. The charged-particle
momentum resolution at 1 GeV=c is 0.5%, and the reso-
lution of energy deposited (dE=dx) is 6% for electrons from
Bhabha scattering. TheEMCmeasures photon energieswith
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 multigap resistive plate
chamber technology, providing a time resolution of 60 ps.
About 87% of the data used in this analysis benefit from
this upgrade. More detailed descriptions can be found in
Refs. [18,19].
Monte Carlo (MC) simulated samples are used to

determine the detection efficiencies, optimize selection
criteria, and study backgrounds. The simulation is carried
out with a Geant4-based [21] package, including the geo-
metric description of the BESIII detector and the detector
response [22], and models the beam-energy spread and
initial-state radiation (ISR) in the eþe− annihilation with
the generator KKMC [23]. Final-state radiation from charged
final-state particles is incorporated using the PHOTOS pack-
age [24]. The inclusive MC samples include the production
of Λþ

c Λ̄−
c pairs, open-charmed mesons, ISR production of

vector charmonium(like) states, and continuum processes,
which are used to determine ST efficiencies, analyze
backgrounds, and extract background shapes. Known
decay modes are modeled with EvtGen [25,26] using BFs
taken from the Particle Data Group (PDG) [2]. The
remaining unknown charmonium decays are modeled with
LUNDCHARM [27,28]. The angular distribution of eþe− →
Λþ
c Λ̄−

c is generated as 1þ α cos2 θΛþ
c
, where θΛþ

c
is the

polar angle between the Λþ
c and the positron beam in the

c.m. frame, and α is the angular parameter of Λþ
c produc-

tion, which is different at the seven c.m. energy points [29].
The signal MC sample consists of the exclusive process
where the Λ̄−

c decays to 11 ST tag modes and theΛþ
c decays

to nK0
Sπ

þπ0, with K0
S → πþπ− and π0 → γγ, which is used

to determine DT efficiencies and extract signal shapes. The
Λþ
c → nK0

Sπ
þπ0 signal MC sample is simulated using a

phase space (PHSP) model, which then has the four
daughter (K0

S; n; π
þ; π0) momentum and the nπþπ0 invari-

ant mass distributions weighted to match those of data.

III. EVENT SELECTION

The selection criteria of the ST candidates Λ̄−
c → p̄K0

S,
p̄Kþπ−, p̄Kþπ−π0, Λ̄π−, Λ̄π−π0, Σ̄−π−πþ, p̄K0

Sπ
0, Σ̄−π0,

Σ̄0π−, Λ̄π−πþπ−, and p̄K0
Sπ

−πþ are the same as
Ref. [6]. The ST Λ̄−

c is identified with the beam-constrained

mass MBC ≡
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E2
beam=c

4 − p2
Λc
=c2

q
, where Ebeam is the

beam energy and pΛc
is the measured momentum of the

Λ̄−
c in the c.m. system of eþe− collision. Figure 2 shows the

MBC distributions of various ST modes for the data sample
at

ffiffiffi
s

p ¼ 4681.92 MeV; clear Λ̄−
c signals are observed

in each mode. The signal and sideband regions for the
ST candidates are defined as (2.280, 2.296) and ð2.250;
2.270Þ GeV=c2, respectively. Candidates in the signal
region are used for the further DT reconstruction, and
those in the sideband region are used to estimate the
background contribution.

TABLE I. The c.m. energies and integrated luminosities for
each data sample, where the first uncertainties are statistical, and
the second ones are systematic.
ffiffiffi
s

p
(MeV) Luminosity (pb−1)

4599.53� 0.07� 0.74 586.90� 0.10� 3.90
4611.86� 0.12� 0.32 103.65� 0.05� 0.55
4628.00� 0.06� 0.32 521.53� 0.11� 2.76
4640.91� 0.06� 0.38 551.65� 0.12� 2.92
4661.24� 0.06� 0.29 529.43� 0.12� 2.81
4681.92� 0.08� 0.29 1667.39� 0.21� 8.84
4698.82� 0.10� 0.39 535.54� 0.12� 2.84

(a) (b)

(c) (d)

(e) (f)

FIG. 1. Feynman diagrams for Λþ
c → nK0

Sπ
þπ0: (a),(c),(e) ex-

ternal W emission; (b),(d),(f) internal W emission.
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The K0
Sðπþπ−Þ, πþ, π0ðγγÞ from the signal side decay

Λþ
c → nK0

Sπ
þπ0 are reconstructed with the following

criteria. Charged tracks detected in the MDC are required
to be within a polar angle (θ) range of j cos θj < 0.93,
where θ is defined with respect to the z axis, which is the
symmetry axis of the MDC. The K0

S candidate is recon-
structed from two oppositely charged tracks satisfying
jVzj < 20 cm, where Vz denotes the distance to the
interaction point (IP) along the z axis. The two charged
tracks are assigned as πþπ− without imposing further
particle identification (PID) criteria to improve the K0

S
reconstruction efficiency. They are required to originate
from a common vertex. The decay length (L) of the K0

S
candidate is required to be greater than twice the vertex
resolution (σL) away from IP, i.e., L=σL > 2. If there are
multiple K0

S candidates, the one with the largest L=σL is
retained.
Apart from the K0

S candidate, there is one other charged
track: the πþ from the Λþ

c decay. The distance of closest
approach to the IP for this track must be less than 10 cm
along the z axis, jVzj < 10 cm, and less than 1 cm in the
transverse plane, jVxyj < 1 cm. The PID for this track
combines the measurements of dE=dx in the MDC and the
flight time in the TOF to form likelihoods LðhÞðh ¼
p;K; πÞ for each hadron (h) hypothesis. The track needs
to satisfy LðπÞ > LðKÞ.

The photon candidates are identified as showers in the
EMC. The deposited energy of each shower must be more
than 25 MeV in the barrel region (j cos θj < 0.80) and more
than 50 MeV in the end cap region (0.86 < j cos θj < 0.92)
of the EMC. To exclude showers that originate from the
charged track radiation, the angle subtended by the EMC
shower and the position of the closest charged track at the
EMC must be greater than 10° as measured from the IP. 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 invariant
mass mγγ of the two photons from the π0 decay has to
satisfy 0.115 < mγγ < 0.150 GeV=c2. In addition, a one-
constraint (1C) kinematic fit is performed to constrain mγγ

to the π0 known mass [2]. The fit χ-squared, χ21C, is required
to be less than 200. If there are more than one π0

candidates, the one with the smallest χ21C is retained.
Considering that the neutron is difficult to detect, it is

reconstructed with the missing-mass technique, using the
kinematic variableMðnÞ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E2
miss=c

4 − jp⃗missj2=c2
p

. Here,
the Emiss and p⃗miss are calculated by Emiss ¼ Ebeam − Erec
and p⃗miss ¼ p⃗Λþ

c
− p⃗rec, where Erecðp⃗recÞ is the sum of the

energies (vector momenta) of the reconstructedK0
S, π

þ, and
π0 in the eþe− c.m. system. The Λþ

c momentum p⃗Λþ
c
is

derived by p⃗Λþ
c
¼ −p̂tag

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E2
beam=c

2 −m2
Λþ
c
c2

q
, where p̂tag is

the unit vector of the Λ̄−
c momentum direction and mΛþ

c

is the Λþ
c nominal mass [2].

A study of the inclusiveMCsample shows that the peaking
backgrounds are mainly from Λþ

c → Σ−ðnπ−Þπþπþπ0,
Λðnπ0Þπþπ−πþ, and ΣþðnπþÞωðπþπ−π0Þ. In order to
remove these peaking backgrounds, the difference of the
invariant masses Mðnπ−Þ −MðnÞ is required to be outside
the interval ð0.22; 0.27Þ GeV=c2 and Mðnπ0Þ −MðnÞ
must be larger than 0.20 GeV=c2. Also, both values of
MðnπþÞ −MðnÞ are required to lie outside of the interval
of ð0.23; 0.28Þ GeV=c2, where the two MðnπþÞ combina-
tions include the πþ from either the Λþ

c or the K0
S. Here,

MðnπþÞ, Mðnπ−Þ, andMðnπ0Þ denote the invariant masses
of the missing neutron and πþ, π−, and π0, respectively.
Figure 3 shows MðnÞ and Mðπþπ−Þ distributions of signal
MCin the signal region after applying all the above selections.

IV. ABSOLUTE BF MEASUREMENT

The signal yield of Λþ
c → nK0

Sπ
þπ0 is obtained by

performing a two-dimensional (2D) unbinned maximum
likelihood fit to the MðnÞ and Mðπþπ−Þ spectra of the
candidates combined from the datasets at seven c.m.
energies shown in Fig. 4. The signal shapes (fsig) are
determined from signal MC samples convolved with a 2D
Gaussian function, which accounts for the difference in
mass resolution between data and MC simulation. This 2D
Gaussian function is extracted by using two Gaussian

FIG. 2. The MBC distributions of the ST modes for the data
sample at

ffiffiffi
s

p ¼ 4681.92 MeV. The points with error bars
represent data. The blue solid curves indicate the fit results,
the red dashed curves describe the background shapes, and the
green lines are defined as signal region.
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functions to fit the 2D MðnÞ and Mðπþπ−Þ spectra in data
with the correlation between them taken into account.
In the fit, the probability density functions of the signal

and sideband regions are constructed as

fsignal ¼ Nsig · fsig þ NΛþ
c bkg · fΛþ

c bkg þ Nnon-Λþ
c
· fnon-Λþ

c
;

ð1Þ

fsideband ¼ N0
non-Λþ

c
· fnon-Λþ

c

¼ h · Nnon-Λþ
c
· fnon-Λþ

c
; ð2Þ

where Nsig, NΛþ
c bkg, and Nnon-Λþ

c
denote the signal yield, the

Λþ
c Λ̄−

c background yield, and the non-Λþ
c background yield

in the signal region, and N0
non-Λþ

c
denotes the non-Λþ

c yield

in the sideband region. The ratio h between N0
non-Λþ

c
and

Nnon-Λþ
c
is fixed to 1.262 by fitting the MBC distribution

combined 11 ST modes and calculating the ratio between
the number of background events in the sideband region
and that of the signal region. This method ensures that the
non-Λþ

c (or qq̄) background is well estimated and as done
in the previous BESIII measurement of Λþ

c → nK0
Sπ

þ [30].
The background from the Λþ

c decays, fΛþ
c bkg, is described

by a shape extracted from the inclusive MC sample. The
background from the non-Λþ

c decay is modeled as

fnon-Λþ
c
¼ ðð1 − kÞ · f1 þ k · fK0

S
Þ · f2; ð3Þ

where f1 and f2 represent the first-order Chebyshev
polynomials, k is the fraction of the K0

S component and
free in the fit, and fK0

S
represents the shape of the K0

S signal

FIG. 3. The blue histograms represent MðnÞ and Mðπþπ−Þ distributions of signal MC in the signal region.

FIG. 4. The 2D simultaneous fit on the accepted candidates in the signal (top) and sideband (bottom) regions. The black dots with error
bars represent data. The green solid lines represent the total fit results. The blue lines, purple lines, and red dashed lines represent the
signal, non-Λþ

c Λ̄−
c background, and Λþ

c Λ̄−
c pair decay background, respectively.
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extracted from the signal MC samples, which has the same
K0

S shape as the background process.
Figure 4 shows the fit results. The total signal yield of

Λþ
c → nK0

Sπ
þπ0 summing over 11 ST modes and seven

c.m. energies is determined to be NDT ¼ 98� 15. The BF
of Λþ

c → nK0
Sπ

þπ0 is calculated by

B ¼ NDT

P
ij N

ST
ij · ðεDTij =εSTij Þ · Bint

; ð4Þ

where the indices i and j are the 11 ST modes and seven
c.m. energies, respectively, and Bint are the BFs of K0

S →
πþπ− and π0 → γγ [2]. The DT efficiencies εDTij , ST yields
NST

ij , and ST efficiencies εSTij are listed in Tables II–IV,
respectively. The significance considering systematic
uncertainty (see below) is evaluated to be 9.2σ viaffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
−2 × Δ lnL

p
, where Δ lnL is the variation in lnL of

the likelihood fit with and without the signal component
included. Here, the method of considering systematic
uncertainty is the same as the systematic uncertainty from
fitting model described in the next section, and the

minimum significance among all the fitting models is
taken as the final significance.
In order to consider potential intermediate resonant states

in the decay of Λþ
c → nK0

Sπ
þπ0, the distributions of the

momenta of the four daughter particles pðKSÞ, pðnÞ, pðπ0Þ,
pðπþÞ and the invariant mass Mðnπþπ0Þ are reweighted
according to the data to obtain the DT efficiency. The
derivations of the STyields and STefficiencies are the same
as Ref. [6]. The BF of Λþ

c → nK0
Sπ

þπ0 is calculated to be
ð0.85� 0.13Þ%, where the uncertainty is statistical only.

V. SYSTEMATIC UNCERTAINTIES

The systematic uncertainties include the πþ tracking and
PID, π0 and K0

S reconstruction, fitting models of tag and
signal sides, MC statistics, mass window of peaking
backgrounds, and MC model, as summarized in Table V.
The systematic uncertainty from the πþ tracking

and PID is studied by using the control sample
eþe− → KþK−πþπ−. An alternative efficiency is calcu-
lated by reweighting events with momentum-dependent
efficiency correction factors extracted from the control

TABLE II. The ST yields, NST
ij , at seven c.m. energies. The uncertainties are statistical only.

Tag mode 4599.53 MeV 4611.86 MeV 4628.00 MeV 4640.91 MeV 4661.24 MeV 4681.92 MeV 4698.82 MeV

p̄K0
S 1243� 35 226� 15 994� 33 1048� 34 1044� 33 3141� 57 889� 30

p̄Kþπ− 6607� 89 1094� 37 5513� 37 5842� 83 5447� 79 15919� 134 4680� 73

p̄K0
Sπ

0 587� 33 119� 16 569� 33 552� 33 527� 32 1591� 56 414� 30

p̄K0
Sπ

−πþ 594� 33 100� 15 475� 30 484� 30 487� 21 1365� 51 414� 28

p̄Kþπ−π0 1965� 71 331� 30 1453� 75 1458� 63 1460� 63 4361� 109 1172� 62

Λ̄π− 738� 27 116� 11 636� 27 664� 27 624� 26 1916� 45 495� 23

Λ̄π−π0 1681� 54 281� 22 1342� 50 1483� 50 1338� 46 3900� 78 1145� 43

Λ̄π−πþπ− 744� 35 130� 14 547� 31 690� 34 703� 33 1847� 55 569� 31

Σ̄0π− 502� 25 95� 12 384� 22 413� 23 414� 22 1267� 38 334� 20

Σ̄−π0 309� 24 68� 10 242� 21 271� 22 264� 22 770� 38 216� 21

Σ̄−π−πþ 1146� 47 204� 21 922� 19 995� 46 949� 44 2729� 79 848� 42

TABLE III. The ST efficiencies, εSTij %, at seven c.m. energies. The uncertainties are statistical only. The quoted efficiencies do not
include any subdecay BFs.

Tag mode 4599.53 MeV 4611.86 MeV 4628.00 MeV 4640.91 MeV 4661.24 MeV 4681.92 MeV 4698.82 MeV

p̄K0
S 54.6� 0.2 50.8� 0.6 48.9� 0.2 47.9� 0.2 46.4� 0.2 45.2� 0.1 44.1� 0.2

p̄Kþπ− 49.9� 0.1 47.8� 0.2 46.1� 0.1 45.3� 0.1 44.3� 0.1 42.8� 0.1 41.9� 0.1
p̄K0

Sπ
0 22.2� 0.2 20.8� 0.4 19.2� 0.2 19.1� 0.2 18.2� 0.2 17.6� 0.1 16.7� 0.2

p̄K0
Sπ

−πþ 22.8� 0.2 20.4� 0.4 19.2� 0.2 19.3� 0.2 18.3� 0.2 18.7� 0.1 17.4� 0.2
p̄Kþπ−π0 19.4� 0.1 18.1� 0.2 16.8� 0.1 16.2� 0.1 15.7� 0.1 15.4� 0.0 14.9� 0.1
Λ̄π− 47.1� 0.3 44.2� 0.6 40.7� 0.3 40.2� 0.3 38.8� 0.3 38.2� 0.2 36.2� 0.3
Λ̄π−π0 20.8� 0.1 18.4� 0.2 17.6� 0.1 17.5� 0.1 16.9� 0.1 16.1� 0.1 15.7� 0.1
Λ̄π−πþπ− 15.1� 0.1 12.7� 0.3 12.7� 0.1 13.2� 0.1 12.7� 0.1 12.5� 0.1 13.0� 0.1
Σ̄0π− 28.4� 0.2 24.8� 0.5 25.3� 0.2 24.2� 0.2 24.0� 0.2 23.2� 0.1 21.9� 0.2
Σ̄−π0 22.8� 0.3 21.0� 0.6 21.5� 0.3 22.3� 0.3 20.5� 0.3 19.6� 0.1 18.3� 0.3
Σ̄−π−πþ 24.5� 0.1 23.8� 0.3 21.9� 0.1 21.6� 0.1 20.9� 0.1 20.0� 0.1 19.9� 0.1
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sample. The difference between the nominal and alternative
efficiencies, 0.3%, is taken as systematic uncertainty.
The systematic uncertainties due to the reconstructionofπ0

and K0
S candidates are determined using the control samples

eþe− → KþK−πþπ−π0 and J=ψ → K�ð892ÞþK− →
K0

Sπ
þK−. The difference of efficiencies between data and

MCsimulation is estimatedwith the samemethodused for πþ
tracking and PID. The systematic uncertainty is estimated to
be0.9%forK0

S reconstructionand0.2%forπ0 reconstruction.
The uncertainties of the BFs of π0 → γγ and K0

S → πþπ−,
which are quoted from the PDG [2], are 0.03% and 0.1%,
respectively.
Uncertainties on the ST yields, DT efficiencies, and ST

efficiencies all contribute to systematic uncertainties. The
propagated uncertainties, as described by Eq. (4), lead to a
total uncertainty of 0.4%.
The uncertainty of 0.2% on the fitting model of the ST

side is quoted from Ref. [6]. To estimate the uncertainty of
the 2D signal shape in the fit, we use two Gaussian
functions to describe the signal contribution and take the
difference of the fitted signal yields, 0.6%, as the systematic
uncertainty. In the nominal fit, the ratio between N0

non-Λþ
c

and Nnon-Λþ
c
, is fixed at 1.262� 0.005. To evaluate the

systematic uncertainty from the ratio, it is varied by 1
standard deviation and the change of the signal yield is less
than 0.1%, which is negligible. In the nominal fit, the
background shape is exacted from the inclusive MC sample
by RooKeysPdf [31]. The uncertainty of the shape of Λþ

c
background is considered by changing the smoothness
factor of the RooKeysPdf from 0 to 1, and the difference of
the signal yield, 1.8%, is taken as the systematic uncer-
tainty. Hence, the total systematic uncertainty associated
with the fitting model of signal side is 1.9%.
The systematic uncertainty of the peaking background

window is estimated by using the control samples of
Λþ
c → ΣþðnπþÞπþπ−, Σ−ðnπ−Þπþπþ, and Λðnπ0Þπþ.

Gaussian functions are used to describe the difference
between data and MC simulation. Using the simulated
shapes convolved with Gaussian functions to fit the
distributions of MðnπþÞ, Mðnπ−Þ, and Mðnπ0Þ, the para-
meters of the Gaussian functions are determined. The
signal MC samples are smeared based on the widths and
means of these Gaussian functions. The difference of the
fitted signal yield, 0.3%, is taken as the systematic
uncertainty.
The nominal DT efficiencies are calculated by weighting

the signal MC samples. The efficiency difference between
the weighted and PHSP signal MC samples, 3.0%, is taken
as the systematic uncertainty.
The total systematic uncertainty, 3.7%, is obtained via

the quadrature sum of the individual components.

VI. SUMMARY

In summary, based on 4.5 fb−1 of eþe− collision data
samples taken at c.m. energies between 4599.53 and
4698.82 MeV with the BESIII detector, the BF of Λþ

c →
nK0

Sπ
þπ0 is measured to be ð0.85� 0.13� 0.03Þ%, with a

significance of 9.2σ, where the first uncertainty is statistical
and the second is systematic. Table VI summarizes the BFs

TABLE IV. The DT efficiencies of Λþ
c → nK0

Sπ
þπ0, εDTij %, at seven c.m. energies. The uncertainties are statistical only. The quoted

efficiencies do not include any subdecay BFs.

Tag mode 4599.53 MeV 4611.86 MeV 4628.00 MeV 4640.91 MeV 4661.24 MeV 4681.92 MeV 4698.82 MeV

p̄K0
S 8.3� 0.1 8.0� 0.1 7.5� 0.1 7.0� 0.1 6.8� 0.1 6.7� 0.1 6.5� 0.1

p̄Kþπ− 8.1� 0.1 7.3� 0.1 7.1� 0.1 7.0� 0.1 7.0� 0.1 6.6� 0.2 6.4� 0.1
p̄K0

Sπ
0 3.1� 0.1 2.9� 0.1 2.8� 0.1 2.6� 0.1 2.7� 0.1 2.6� 0.1 2.4� 0.1

p̄K0
Sπ

−πþ 3.0� 0.1 2.5� 0.1 2.4� 0.1 2.4� 0.1 2.4� 0.1 2.3� 0.1 2.3� 0.1
p̄Kþπ−π0 3.1� 0.1 2.8� 0.1 2.6� 0.1 2.6� 0.1 2.4� 0.1 2.3� 0.1 2.3� 0.1
Λ̄π− 7.2� 0.1 6.3� 0.1 5.9� 0.1 5.9� 0.1 5.9� 0.1 5.5� 0.2 5.5� 0.1
Λ̄π−π0 3.0� 0.1 2.7� 0.1 2.5� 0.1 2.3� 0.1 2.3� 0.1 2.3� 0.1 2.3� 0.1
Λ̄π−πþπ− 2.0� 0.1 1.8� 0.1 1.7� 0.1 1.7� 0.1 1.7� 0.1 1.7� 0.1 1.7� 0.1
Σ̄0π− 4.3� 0.1 3.8� 0.1 3.6� 0.1 3.5� 0.1 3.5� 0.1 3.3� 0.1 3.3� 0.1
Σ̄−π0 3.5� 0.1 3.4� 0.1 3.2� 0.1 3.1� 0.1 2.8� 0.1 2.7� 0.1 2.6� 0.1
Σ̄−π−πþ 3.8� 0.1 3.6� 0.1 3.4� 0.1 3.3� 0.1 3.2� 0.1 3.0� 0.1 2.9� 0.1

TABLE V. Systematic uncertainties in the BF measurement.

Source Λþ
c → nK0

Sπ
þπ0 (%)

πþ tracking and PID 0.3
π0 reconstruction 0.2
K0

S reconstruction 0.9
BðK0

S → πþπ−Þ 0.1
MC statistics 0.4
Fitting model of tag side 0.2
Fitting model of signal side 1.9
Peaking background window 0.3
MC model 3.0

Total 3.7

M. ABLIKIM et al. PHYS. REV. D 109, 053005 (2024)

053005-6



of Λþ
c → nK0

Sπ
þπ0 and its isospin partners. The measured

BF differs with the prediction of isospin statistical model
[12], ð1.54� 0.08Þ% by 4.4σ. This indicates that there may
be resonant contributions or some unknown dynamics in
this decay. The total BF of the four-body decay Λþ

c →
NK̄ππ is predicted to be ð12.88� 0.69Þ% [12]. Our BF,
together with the BFs of its isospin partners, offer important
constraint on the theoretical prediction.
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