
J
H
E
P
1
1
(
2
0
2
5
)
0
6
7

Published for SISSA by Springer

Received: May 27, 2025
Revised: September 12, 2025

Accepted: September 19, 2025
Published: November 12, 2025

Measurement of branching fractions of Λ+
c decays to

Σ+η and Σ+η′

The BESIII collaboration
E-mail: besiii-publications@ihep.ac.cn

Abstract: By analyzing e+e− collision data taken at center-of-mass energies
√
s between

4.600 and 4.699 GeV with the BESIII detector at the BEPCII collider, corresponding to an
integrated luminosity of 4.5 fb−1, we study the hadronic decays Λ+

c → Σ+η and Λ+
c → Σ+η′

using the single-tag method. The branching fraction ratio of Λ+
c → Σ+η relative to Λ+

c →
Σ+π0 is determined to be 0.305 ± 0.046stat. ± 0.007syst., and that of Λ+

c → Σ+η′ relative to
Λ+

c → Σ+ω is 0.336 ± 0.094stat. ± 0.037syst.. The ratio of B(Λ+
c →Σ+η′)

B(Λ+
c →Σ+η) is determined to be

1.73 ± 0.22stat. ± 0.16syst.. These results enrich our knowledge of charmed baryon decays.

Keywords: Branching fraction, Charm Physics, e+-e− Experiments

ArXiv ePrint: 2505.18004

Open Access, © The Authors.
Article funded by SCOAP3. https://doi.org/10.1007/JHEP11(2025)067

mailto:besiii-publications@ihep.ac.cn
https://doi.org/10.48550/arXiv.2505.18004
https://doi.org/10.1007/JHEP11(2025)067


J
H
E
P
1
1
(
2
0
2
5
)
0
6
7

Contents

1 Introduction 1

2 Besiii detector and Monte Carlo simulation 2

3 Analysis method and event selection 3

4 Determination of the branching fractions 4

5 Systematic uncertainty 6

6 Summary 10

The BESIII collaboration 15

1 Introduction

Nonleptonic decays of charmed baryons offer excellent opportunities for testing different
theoretical approaches to describe the complicated dynamics of heavy-light baryons, including
the current algebra approach [1], the factorization scheme [2, 3], the pole model technique [4–7],
the relativistic quark model [8, 9], the SU(3) flavor symmetry [10–12], and the quark-diagram
scheme [2]. Contrary to the significant progress made in the studies of heavy meson decays,
the progress in both theoretical and experimental studies of heavy baryon decays has been
relatively slow. Since the first observation of the ground state Λ+

c at the Mark II experiment
in 1979 [13], many decays are still unknown or lack measurement accuracy [14].

The two-body Cabibbo-favored (CF) decay of the Λ+
c to an octet baryon B and a

pseudoscalar meson P , Λ+
c → B

(
1
2

+)
P , is one of the simplest hadronic channels to be

treated theoretically [15]. However, existing model calculations still yield different branch-
ing fractions (BFs) predictions, precise BF measurements are essential for calibrating and
discriminating among the various theoretical approaches. The CF decays Λ+

c → Σ+η and
Λ+

c → Σ+η′, which proceed entirely through nonfactorizable internal W -emission and W -
exchange diagrams as shown in figure 1, are particularly interesting. Unlike charmed meson
decays, they are not affected by color or helicity suppression and have therefore relatively
sizable BFs. Theoretical predictions of the nonfactorizable diagrams are not very consistent,
resulting in large variations of the predicted BFs, e.g., B

(
Λ+

c → Σ+η
)

= (0.11 − 0.90)% and
B
(
Λ+

c → Σ+η′
)

= (0.10 − 1.44)% [5–12]. Several experimental measurements have been
performed on these BFs. CLEO reported the evidence of the decay Λ+

c → Σ+η with a BF of
(0.70 ± 0.23)% [16]. Belle has measured B

(
Λ+

c → Σ+η
)

= (3.14 ± 0.35 ± 0.11 ± 0.25) × 10−3

and B
(
Λ+

c → Σ+η′
)

= (4.16 ± 0.75 ± 0.21 ± 0.33) × 10−3 [17]. BESIII has measured
B(Λ+

c → Σ+η) = (0.41 ± 0.19 ± 0.05)% and B(Λ+
c → Σ+η′) = (1.34 ± 0.53 ± 0.19)% using

e+e− collision data taken at the center-of-mass system (CMS) energy
√
s = 4.600 GeV [18]

corresponding to an integrated luminosity of 567 pb−1; an improvement of the measure-
ments of these decays is expected with the larger data sets newly accumulated by BESIII.
Furthermore, the ratio B

(
Λ+

c → Σ+η′
)
/B
(
Λ+

c → Σ+η
)

= 1.34 ± 0.28 ± 0.06 has been mea-
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(a) Internal W-emission. (b) W-exchange.

Figure 1. Feynman diagrams of the Λ+
c → Σ+η/η′ decay.

Sample ECMS (MeV)
∫
Ldt (pb−1)

4.600 4599.53 ± 0.07 ± 0.74 586.90 ± 0.10 ± 3.90
4.612 4611.86 ± 0.12 ± 0.30 103.65 ± 0.05 ± 0.55
4.628 4628.00 ± 0.06 ± 0.32 521.53 ± 0.11 ± 2.76
4.641 4640.91 ± 0.06 ± 0.38 551.65 ± 0.12 ± 2.92
4.661 4661.24 ± 0.06 ± 0.29 529.43 ± 0.12 ± 2.81
4.682 4681.92 ± 0.08 ± 0.29 1667.39 ± 0.21 ± 8.84
4.699 4698.82 ± 0.10 ± 0.36 535.54 ± 0.12 ± 2.84

Table 1. The CMS energies ECMS and the integrated luminosities
∫
Ldt at different energy points.

The first and second uncertainties are statistical and systematic, respectively.

sured by Belle [17], consistent within 2σ with the theoretical predictions from refs. [5, 7],
but consistent with refs. [12] closely, where σ is standard deviation. BESIII reported
B
(
Λ+

c → Σ+η′
)
/B
(
Λ+

c → Σ+η
)

= 3.5 ± 2.1 ± 0.4 [18], consistent with the Belle result, albeit
with large uncertainty. Further experimental studies of these two decays are essential for
testing different theoretical models and gaining a better understanding of the Λ+

c CF decays.
In this work, we present a measurement of the branching ratios B

(
Λ+

c → Σ+η
)
/B
(
Λ+

c →
Σ+π0) and B

(
Λ+

c → Σ+η′
)
/B
(
Λ+

c → Σ+ω
)

by analyzing e+e− collision data taken at
√
s =

4.600, 4.612, 4.628, 4.641, 4.661, 4.682, and 4.699 GeV [19] with the BESIII detector at the
BEPCII collider, corresponding to an integrated luminosity of 4.5 fb−1, as detailed in table 1.
Throughout this paper, charge-conjugate modes are implicitly assumed. In section 2, the
BESIII detector and the data samples are described. The event selection is introduced in
section 3. The measurement of the BFs is presented in section 4. The systematic uncertainties
are discussed in section 5. Finally, section 6 summarizes the results.

2 Besiii detector and Monte Carlo simulation

The BESIII detector [20] records symmetric e+e− collisions provided by the BEPCII storage
ring [21] in the center-of-mass energy range from 1.85 to 4.95 GeV, with a peak luminosity of
1.1 × 1033 cm−2 s−1 achieved at

√
s = 3.773 GeV. BESIII has collected large data samples in

this energy region [22]. 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 time-of-flight
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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. The solenoid is
supported by an octagonal flux-return yoke with resistive plate counter muon identification
modules interleaved with the steel.

The charged-particle momentum resolution at 1 GeV/c is 0.5%, and the specific energy
loss (dE/dx) resolution 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 [23–25]. About 87% of the data
used in this analysis benefits from this upgrade.

Monte Carlo (MC) simulated data samples produced with the geant4-based [26] software
package boost [27], which includes the geometric and material description of the BESIII
detector [28, 29] and the detector responses, are used to determine detection efficiencies
and to estimate backgrounds. The simulation models the beam energy spread and initial
state radiation (ISR) in the e+e− annihilations with the generator kkmc [30, 31]. The
inclusive MC sample, which is about 40 times the datasets, includes the production of open
charm processes, the ISR production of vector charmonium(-like) states, and the continuum
processes. All particle decays are generated with evtgen [32, 33] using BFs either taken
from the Particle Data Group (PDG) [14], when available, or otherwise estimated with
lundcharm [34, 35]. Final state radiation from charged final state particles is incorporated
using the photos package [36]. For the MC production of the e+e− → Λ+

c Λ−
c events, the

cross section line-shape from BESIII measurements is taken into account. All the final tracks
and photons are propagated through the GEANT4-based detector simulation framework.

3 Analysis method and event selection

A single-tag method is applied in this work, which means only Λ+
c or Λ̄−

c is reconstructed
in an event. Both the signal and the reference Λ+

c decays are fully reconstructed. Charged
tracks detected in the MDC are required to be within a polar angle (θ) range of |cos θ| < 0.93,
where θ is the polar angle defined with respect to the z axis, which is the symmetry axis of
the MDC. The distance of closest approach to the interaction point (IP) must be less than
10 cm along the z axis and less than 1 cm in the transverse plane.

Particle identification (PID) for charged tracks combines measurements of the specific
ionization energy loss in the MDC (dE/dx) and the flight time measured in the TOF to form
likelihoods L(h) (h = p,K, π) for each hadron h hypothesis. Tracks are identified as protons
when the proton hypothesis has the largest likelihood (L(p) > L(K) and L(p) > L(π)), while
charged kaons and pions are identified by comparing the likelihoods for the kaon and pion
hypotheses, L(K) > L(π) and L(π) > L(K), respectively.

Photon candidates are reconstructed 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) and greater
than 50 MeV in the end cap region (0.86 < |cos θ| < 0.92). To exclude showers that originate
from charged tracks, the angle subtended by the EMC shower and the position of the closest
charged track at the EMC must be greater than 10 degrees as measured from the IP. To
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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.

Both η and π0 candidates are reconstructed by combinations of photon pairs. First,
photon pairs are considered as π0 candidates, for which the reconstructed invariant mass
M(γγ) is required to fall in the range 0.115 GeV/c2 < M(γγ) < 0.150 GeV/c2. The remaining
photon pairs are considered as η candidates when 0.500 GeV/c2 < M(γγ) < 0.560 GeV/c2.
The Σ+ candidates are reconstructed from combinations of protons and π0 with an invariant
mass 1.174 GeV/c2 < M(pπ0) < 1.200 GeV/c2. The ω candidates are reconstructed from
π+π−π0 combinations with an invariant mass 0.760 GeV/c2 < M(π+π−π0) < 0.800 GeV/c2.
The η′ candidates are reconstructed from the π+π−η combinations with an invariant mass
0.946 GeV/c2 < M(π+π−η) < 0.968 GeV/c2. For the Λ+

c → Σ+η decay, the η → π+π−π0

decay is also used to reconstruct the η meson, requiring 0.535 GeV/c2 < M(π+π−π0) <
0.560 GeV/c2. All mass requirements on the candidates correspond to approximately ±3σ
(standard deviations) around the individual nominal masses taken from the PDG [14].
Another requirement of M(π0π0) /∈ (0.440, 0.520) GeV/c2 is applied to veto background
from Λ+

c → pK0
S decays.

To improve the energy resolution of photons from η or π0 decays, we constrain the
two-photon invariant mass from η, π0 decays to the nominal mass of η, π0 given by PDG [14].
To select the best combination among multiple Λc candidates in each event, a kinematic
fit constraining the invariant mass of the system recoiling against the reconstructed Λ+

c

candidate to the nominal mass of the Λ̄−
c is applied. The combination with the smallest χ2

of this fit is retained. After that, we update the momenta of all final state particles for the
further analysis. For the decays Λ+

c → Σ+η and Λ+
c → Σ+π0, we choose the combination

with the minimum fit quality χ2 as the best candidate. For the decay Λ+
c → Σ+η′, only

the one with the minimum mass difference
∣∣M (

π+π−η
)
−M (η′)

∣∣ is accepted. Similarly,
the combination with the invariant mass M

(
π+π−π0) closest to the ω mass is accepted

for the reference decay Λ+
c → Σ+ω.

To further suppress the combinatorial backgrounds in Λ+
c → Σ+η and Λ+

c → Σ+η′

channels, an anti-proton recoiling against the detected Λ+
c candidate is required, which is

expected to originate from the Λ̄−
c decay [18]. The reference decays use the same method

to reduce the systematic uncertainties.
We maximize a figure of merit (FOM) defined as s√

s+b
, where s is the signal yield with

its associated BF given by PDG [14] and b is the background yield, to optimize the χ2 cuts
by using inclusive MC samples normalized to the data luminosity. For the decays Λ+

c → Σ+η

and Λ+
c → Σ+η′ we require χ2 < 17 and χ2 < 30, respectively.

The Λ+
c signal is identified using the beam constrained mass MBC =

√
E2

beam/c
4 − p2/c2,

where p is the measured Λ+
c momentum in the CMS of the e+e− collision and Ebeam is the

beam energy. After the event selection, there is no obvious peaking background in the MBC
distributions for each considered decay channel, as shown in figure 2.

4 Determination of the branching fractions

A simultaneous unbinned maximum likelihood fit on the MBC distributions at the different
energy points is performed to extract the signal yield. For the data sets taken at the seven
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Figure 2. Distributions of MBC of accepted candidates for each decay, combined from all energy
points. The MC samples have been scaled to that of data. The black dots with error bars are data
combining all energy points, the red lines show the signal, the green histograms represent the ΛcΛ̄c

backgrounds, and the yellow histograms represent the other backgounds.

different CMS energies, the likelihood function is written as

Ltotal
j =

∏
j

Lj , (4.1)

where the index j denotes the energy point. At the j-th energy point, the likelihood is
written as

Lj = Lsig
j · Lref

j , (4.2)

where Lsig
j and Lref

j are the likelihood functions of the signal and the reference decays. Since
they are similar to each other, we omit the superscript sig or ref and obtain the likelihood
function as

Lj

(
Nj , λ⃗j

)
=
e−NjN

Nobs
j

j

Nobs
j !

Nobs
j∏
j

Pj

(
xj ; λ⃗j

)
. (4.3)

The Nobs
j is the observed yield of the signal or reference channel. For the signal decays, the

Probability Density Functions (PDFs), parameterized as the sum of signal and background
PDFs, are written as

Pj

(
xj ; λ⃗j

)
=
N s

j

Nj
·
[
Ps

j ⊗ Gauss (µj , σj)
]

+
N b

j

Nj
· Pb

j

(
xj ; λ⃗b

j

)
, (4.4)
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where Ps
j is the signal shape PDF extracted from the signal MC samples, Nj , N s

j and N b
j

are numbers of the total, signal, and background events, respectively; xj is the variable
corresponding to MBC; λ⃗b

j is a set of parameters in the function describing the background.
The signal shape PDF is convolved with a Gaussian function describing the mass resolution
difference between data and MC simulation. In this analysis, the background PDF Pb

j

(
xj ; λ⃗b

j

)
is described by the ARGUS function [37],

f (xj ;Ej , cj) = xj

1 −
(
xj

Ej

)2
0.5

× e
cj ·
[

1−
(

xj
Ej

)2
]
, (4.5)

where Ej is the beam energy, and cj is the parameter of the ARGUS function. The PDF
of the reference decay is similar to that of the signal decay.

The yields of the signal decays are calculated by

N s,sig
j = N s,ref

j · B
inter,sig

Binter,ref ·
ϵsigj

ϵref
j

·Rsig/ref , (4.6)

where N s,sig
j is the yield of the signal decay, and N s,ref

j is the yield of the reference decay;
Binter is the product of BF of the intermediate state, e.g., for the signal decay Λ+

c → Σ+η,
Binter = B

(
Σ+ → pπ0) · B (π0 → γγ

)
· B(η → γγ); ϵsigj and ϵref

j are detection efficiencies for
the signal and reference decays, respectively. Rsig/ref is the relative BF ratio. Different energy
points share the same value of Rsig/ref .

Overall, the parameters to derive for the signal decays are

λ⃗j =
(
N b

j , µj , σj , λ⃗
b
j , Rsig/ref

)
, (4.7)

while those for the reference decays are

λ⃗ref
j =

(
N b,ref

j , µj , σj , λ⃗
b,ref
j , N s,ref

j

)
. (4.8)

In this analysis, the µj and σj are variable parameters of the Gaussian function, Binter,sig

and Binter,ref are fixed to their values taken from the PDG [14], and ϵref
j and ϵsigj are fixed.

The detection efficiencies, obtained by analyzing inclusive MC samples, are shown in table 2.
We obtain the signal yields at each energy point by a simultaneous unbinned maximum

likelihood fit to the MBC distributions, shown in figure 3, using MIGRAD and HESSE in
the RooFit [38] package; the results are summarized in table 3. For Λ+

c → Σ+η(η → γγ)
and Λ+

c → Σ+η(η → π+π−π0), they are obtained by a simultaneous unbinned fit. The total
yields of the signal decays Λ+

c → Σ+η and Λ+
c → Σ+η′ are 121.6 ± 19.5 and 21.8 ± 7.1,

respectively. The signal significance without considering the systematic uncertainties is 8.4σ
for Λ+

c → Σ+η and 4.1σ for Λ+
c → Σ+η′. The BF of Λ+

c → Σ+η relative to Λ+
c → Σ+π0

without considering the systematic uncertainties is 0.305 ± 0.046, and the BF of Λ+
c → Σ+η′

relative to Λ+
c → Σ+ω without considering the systematic uncertainties is 0.336 ± 0.094.

5 Systematic uncertainty

Due to the limited statistics, the total uncertainties are dominated by the statistical errors.
The systematic uncertainties associated with tracking and PID of charged pions, and photon

– 6 –
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ECMS (GeV) Λ+
c → Σ+η(η → γγ) Λ+

c → Σ+η(η → π+π−π0) Λ+
c → Σ+π0 Λ+

c → Σ+η′ Λ+
c → Σ+ω

4.600 9.27 ± 0.03 4.44 ± 0.03 9.91 ± 0.03 3.14 ± 0.02 3.22 ± 0.02
4.612 9.08 ± 0.03 4.18 ± 0.03 9.79 ± 0.03 2.84 ± 0.02 2.99 ± 0.02
4.628 8.84 ± 0.03 4.07 ± 0.03 9.64 ± 0.04 2.83 ± 0.02 2.99 ± 0.02
4.641 8.75 ± 0.03 3.98 ± 0.03 9.52 ± 0.03 2.83 ± 0.02 2.97 ± 0.02
4.661 8.51 ± 0.03 3.90 ± 0.03 9.51 ± 0.03 2.80 ± 0.02 2.90 ± 0.02
4.682 8.30 ± 0.03 3.75 ± 0.03 9.22 ± 0.03 2.80 ± 0.02 2.89 ± 0.02
4.699 8.08 ± 0.03 3.70 ± 0.03 9.19 ± 0.03 2.79 ± 0.02 2.89 ± 0.02

Table 2. The detection efficiencies (in %) at different energy points for each decay. The uncertainties
are statistical.
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Figure 3. Projections of the simultaneous fit to the MBC distributions at different energy points for
each decay mode. The black dots with error bars are data combining all energy points, the green lines
show the signal, the dashed blue lines represent the background, and the red lines are the sum of the
fit functions.

selections are canceled in the measurement of the ratios of the BFs. Since the amount of
simulated events is large, the statistical uncertainty due to the size of the MC samples is
less than 0.1%, which can be neglected.

The following sources of systematic uncertainties in the measurement of the BFs are
considered: the reconstruction of π0 and η states, the mass window for the η′ and ω selections,
the pK0

S veto, the χ2 requirement for the best candidate, the modeling of the signal and of
the background, the MBC fit, the size of the MC samples and the BFs of the intermediate
states. For the non-resonance contributions, we use a data-driven method to estimate this
kind of background.
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ECMS (GeV) Λ+
c → Σ+η′ Λ+

c → Σ+ω Λ+
c → Σ+η(η → γγ) Λ+

c → Σ+η(η → π+π−π0) Λ+
c → Σ+π0

4.600 2.7 ± 0.9 43.2 ± 8.3 14.5 ± 2.8 4.0 ± 0.8 127.2 ± 13.4
4.612 0.2 ± 0.2 3.5 ± 3.0 2.3 ± 0.7 0.6 ± 0.2 20.3 ± 5.3
4.628 2.1 ± 0.8 35.3 ± 7.8 11.9 ± 2.4 3.2 ± 0.6 106.9 ± 12.6
4.641 3.1 ± 1.0 50.9 ± 9.0 11.2 ± 2.3 2.9 ± 0.6 100.2 ± 12.5
4.661 2.7 ± 0.9 44.6 ± 8.2 12.5 ± 2.5 3.3 ± 0.7 114.5 ± 13.3
4.682 8.1 ± 2.4 131.3 ± 14.7 34.2 ± 6.1 8.9 ± 1.6 312.2 ± 22.7
4.699 2.8 ± 0.9 44.9 ± 8.7 9.6 ± 2.0 2.5 ± 0.5 89.3 ± 12.2

Table 3. Signal yields of each decay channel at different energy points, calculated by the BF ratios,
which are the share parameters in the simultaneous fit. The uncertainties are statistical.

Source B
(
Λ+

c → Σ+η
)
/B
(
Λ+

c → Σ+π0) B
(
Λ+

c → Σ+η′
)
/B
(
Λ+

c → Σ+ω
)

η/π0 reconstruction 1.7 0.8
η′ mass window − 0.2
ω mass window − 0.2

pK0
S veto 0.2 −

χ2 requirement 0.3 0.3
Signal model 0.8 1.1

Non-resonant background − 10.7
MBC fit 0.4 0.3

Quoted BFs 0.7 1.5
Overall 2.1 10.9

Table 4. Systematic uncertainties in percentage for the relative BF measurements.

Table 4 summarizes the sources of the systematic uncertainty in the BF measurements.
The quadratic sum of all the uncertainties is taken as the total systematic uncertainty. The
details of each item are as follows.

• π0/η reconstruction. The systematic uncertainty for the π0 reconstruction is studied
with the control channel D0 → K−π+π0 in ref. [39]. The control channels is studied
to derive correction factors, which are then applied to the signal MC samples. The
residual uncertainty of the correction factor is taken as the systematic uncertainty. For
the systematic contribution from the η reconstruction we proceeded in a similar way.
The obtained systematic uncertainty is 1.7% for B(Λ+

c →Σ+η)
B(Λ+

c →Σ+π0) and 0.8% for B(Λ+
c →Σ+η′)

B(Λ+
c →Σ+ω) .

• η′/ω mass windows. To estimate the systematic uncertainty caused by the η′ and ω

signal mass windows, we smear their signal shapes by a Gaussian function with both
the mean and width of 0.5 MeV/c2. The change of the nominal result is taken as the
systematic uncertainty. Since there is no η′, ω in the measurement of Λ+

c → Σ+η, these
part of systematic uncertainties are canceled.
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• pK0
S veto. For Λ+

c →Σ+π0, we reject combinations with M(π0π0)∈(0.440, 0.520) GeV/c2

to veto the Λ+
c → pK0

S background. To take into account the resolution differ-
ence between data and MC simulation, which may affect the detection efficiency,
we change the veto range M(π0π0) from (0.440, 0.520) GeV/c2 to (0.450, 0.530) GeV/c2

and (0.430, 0.510) GeV/c2, and estimate the related uncertainty as 0.2%. In the measure-
ment of Λ+

c → Σ+η′, there is no pK0
S background, this part of systematic uncertainty

is canceled.

• χ2 requirement. Requirements on χ2 are applied to suppress background events,
but some differences between data and MC simulation are present which can affect
the measurement. We use control samples of Λ+

c → Σ+π0/ω to smear the MC χ2

distributions to better reproduce the data, and we recalculate the BF ratios. The
difference between the new values and the original ones is considered as the systematic
uncertainty due to the χ2 requirement.

• Signal model. The estimation of the efficiency values depends on the assumption
about the helicity angle. In charmed baryon decays, the helicity angular distribution
is determined by the asymmetry parameter α varied by ±1σ from PDG [14]. The
systematic uncertainties from the signal model of the reference decays Λ+

c → Σ+π0 and
Λ+

c → Σ+ω are negligible. The uncertainty of the signal model is 0.8% for Λ+
c → Σ+η

and 1.1% for Λ+
c → Σ+η′.

• Non-resonant background. The non-resonant Λ+
c → pπ0η/η′ decays are both Cabibbo-

suppressed, and their BFs are about one order of magnitude smaller than those for
the two signal decays. Besides, we check the Σ+ sideband regions, no peak is found.
Therefore, the non-Σ+ contributions are negligible. For the Λ+

c → Σ+π+π−π0/η decays,
we use a data-driven method to estimate their contribution. We examine the MBC
distribution of the events in the η′/ω sideband region searching for a peak in the MBC
signal region. Since no η′ peak is found, its related uncertainty is safely neglected.

To consider the non-resonant background for the Λ+
c → Σ+ω channel, we perform

a simultaneous fit on the signal and the reference decays for events in the ω signal and
sideband regions.

For the Λ+
c → Σ+η′ channel, the fit model is the same as that in the Λ+

c → Σ+η

analysis shown in eq. (4.4), and the fit result is shown in figure 4(a). For Λ+
c → Σ+ω,

the fit model in the ω signal region is constructed as

Pj

(
x⃗j ; λ⃗j

)
=
N s

j

Nj
·
[
Ps

j ⊗Gauss(µj ,σj)
]
+
N b1

j

Nj
·Pb1

j

(
x⃗j ; λ⃗b

j

)
+
N b2

j

Nj
·
[
Pb2

j ⊗Gauss(µj ,σj)
]
,

(5.1)
where Pb1

j

(
x⃗j ; λ⃗b1

j

)
is described by the ARGUS function [37] in the ω signal region,

and Pb2
j ⊗ Gauss (µj , σj) is to describe the non-resonant background. N b1

j and N b2
j are

the ARGUS and the non-resonant background yields, respectively. The fit result is
shown in figure 4(b). For Λ+

c → Σ+ω, the fit model in the ω sideband region is

Pj

(
x⃗j ; λ⃗j

)
=
N b3

j

Nj
· Pb1

j

(
x⃗j ; λ⃗b

j

)
+
N b2

j /r1

Nj
·
[
Pb2

j ⊗ Gauss (µj , σj)
]
, (5.2)
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Figure 4. Simultaneous fit to the MBC distributions. (a) and (b) correspond to the ω signal region,
(c) corresponds to the η′/ω sideband region. The black dots with error bars are data combined from
all energy points, the dashed green lines are the signal, the dotted blue and magenta lines are the
backgrounds, and the continuous red lines are the sum of the fit functions.

where N b3
j is the ARGUS background yield in the ω sideband region, r1 is the ratio

between the integral of the signal PDF in the ω signal region and that of the background
PDF in the ω sideband regions in the fit to the π+π−π0 invariant mass distribution.
The result of the simultaneous fit is shown in figure 4(c). Including all non-resonant
contributions, this systematic uncertainty is assigned as 10.7%.

• MBC fit. The systematic uncertainty in the MBC fit is mainly due to the ARGUS
functions and to the background description. The relevant systematic uncertainty is
estimated by using an alternative background shape, by changing the high-end cutoff
of the ARGUS function by ±0.005 GeV/c2. The largest BF change is assigned as the
systematic uncertainty.

• Quoted BFs. In the nominal analysis, the branching fractions of the η′ → π+π−η,
ω → π+π−π0, Σ+ → pπ0, and π0/η → γγ decays are quoted from the PDG [14], and
their uncertainties are taken into account. The uncertainties from B(Σ+ → pπ0) cancel
out. The total uncertainty is 0.7% for B(Λ+

c →Σ+η)
B(Λ+

c →Σ+π0) and 1.5% for B(Λ+
c →Σ+η′)

B(Λ+
c →Σ+ω) .

6 Summary

By analyzing e+e− collision data taken at center-of-mass energies
√
s between 4.600 and

4.699 GeV with the BESIII detector corresponding to an integrated luminosity of 4.5 fb−1,
and using a single-tag reconstruction method, we have measured the BF of Λ+

c → Σ+η

relative to Λ+
c → Σ+π0 as 0.305 ± 0.046stat. ± 0.007syst., and the BF of Λ+

c → Σ+η′ relative
to Λ+

c → Σ+ω as 0.336 ± 0.094stat. ± 0.037syst..
Table 5 shows the comparison of the BF ratios with those based on data taken at√

s = 4.6 GeV by the BESIII detector [18] corresponding to an integrated luminosity of
567 pb−1. They are compatible within 1σ for B

(
Λ+

c → Σ+η
)
/B
(
Λ+

c → Σ+π0) and within 2σ
for B

(
Λ+

c → Σ+η′
)
/B
(
Λ+

c → Σ+ω
)
. This consistency is based on the larger uncertainty of

the BESIII previous measurement. Benefiting from the larger collected data sample, we find
evidence for the decay Λ+

c → Σ+η, and the total uncertainties of the measured BF ratios
improve by about two-thirds for both decays.
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BF ratio BESIII [18] This work
B
(
Λ+

c → Σ+η
)
/B
(
Λ+

c → Σ+π0) 0.35 ± 0.16 ± 0.02 0.305 ± 0.046 ± 0.007
B
(
Λ+

c → Σ+η′
)
/B
(
Λ+

c → Σ+ω
)

0.86 ± 0.34 ± 0.04 0.336 ± 0.094 ± 0.037

Table 5. Comparison of the determined BF ratios with the previous BESIII measurements.

Decay PDG [14] CLEO [16] Belle [17] BESIII [18] This work
Λ+

c → Σ+η 0.44 ± 0.2 0.70 ± 0.23 0.314 ± 0.035 ± 0.011 ± 0.025 0.41 ± 0.20 0.381 ± 0.058 ± 0.009 ± 0.027
Λ+

c → Σ+η′ 1.5 ± 0.6 – 0.416 ± 0.075 ± 0.021 ± 0.033 1.34 ± 0.56 0.571 ± 0.160 ± 0.063 ± 0.067

Table 6. Comparison of the obtained BFs with other experimental measurements and the world
average values (in units of %).

Decay mode Uppal [1] Körner [8] Sharma [5] Zenczykowski [7] Ivanov [9] Zou [6] Geng [11] Zhao [10] Cheng [12]
Λ+

c → Σ+η 0.22 0.16 0.57 0.90 0.11 0.74 0.32 ± 0.13 0.47 ± 0.22 0.35 ± 0.04
Λ+

c → Σ+η′ 0.05 1.28 0.10 0.11 0.12 – 1.44 ± 0.56 0.93 ± 0.28 0.40 ± 0.07

Table 7. Comparison of the BF predictions under different theoretical models (in units of %).

Table 6 shows a comparison of our BFs of Λ+
c → Σ+η and Λ+

c → Σ+η′ with the Belle mea-
surements [17], where the uncertainties are statistical, systematic, and from B

(
Λ+

c → Σ+π0)
or B

(
Λ+

c → Σ+ω
)

obtained from PDG [14]. They are compatible within 1σ for both decays.
The improved precision of our results clarifies the difference between the Belle values and
the previous BESIII measurements.

The comparison of the BF predictions under different theoretical models is shown in
table 7. The B

(
Λ+

c → Σ+η
)

value presented in this work is compatible with Zhao [10],
Geng [11], and Cheng’s [12] works within 1σ based on SU(3) flavor symmetry. For the
B
(
Λ+

c → Σ+η′
)

value, our measurement is consistent with Cheng’s result [12] at the 1σ level
and agrees with the preditions reported by Geng [11] and Zhao [10] within 2σ.

Furthermore, we determine the BF ratio B(Λ+
c →Σ+η′)

B(Λ+
c →Σ+η) = 1.73 ± 0.22stat. ± 0.16syst., which

is consistent with the previous measurements at BESIII and Belle [17, 18]. The obtained
results will help understand the decay mechanisms of charmed baryon decays.
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