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Based on ð2712.4� 14.3Þ × 106 events recorded at the ψð3686Þ nominal mass collected with the
BESIII detector operating at the BEPCII collider, the ψð3686Þ → ΣþΣ̄−ω and ΣþΣ̄−ϕ decays are
observed for the first time with statistical significances of 13.8σ and 7.6σ, respectively. The corresponding
branching fractions are measured to be Bðψð3686Þ → ΣþΣ̄−ωÞ ¼ ð1.89� 0.18� 0.21Þ × 10−5 and
Bðψð3686Þ → ΣþΣ̄−ϕÞ ¼ ð2.96� 0.54� 0.41Þ × 10−6, where the first uncertainties are statistical and
the second systematic.

DOI: 10.1103/PhysRevD.108.092011

I. INTRODUCTION

Quantum chromodynamics (QCD) is the theory of
strong interactions and it has been rigorously tested at
high energies [1]; in the low-energy regime, the non-
Abelian nature of the theory requires a nonperturbative
approach which must rely either on lattice QCD or on
QCD-inspired models. Therefore, experimental measure-
ments in the low-energy regime are crucial to verify the
pertinent models, calibrate their parameters, and stimulate
the development of new theoretical computations [2].
As a result, many interesting properties associated with

the strong decays of J=ψ and ψð3686Þ mesons have
been investigated, with the aim to advance our knowledge
about the QCD in the interplay between perturbative and
nonperturbative strong interaction regimes [3]. BESIII
has collected large data samples of vector charmonia from
eþe− annihilations, such as J=ψ and ψð3686Þ, which
provide us the opportunity to conduct detailed experimental
studies on rare decays of these states and to further explore
the intermediate structures inherent in these processes [4].
Among the hadronic decays, the processes of ψð3686Þ

and J=ψ decaying into baryon pairs have been understood
in terms of cc̄ annihilations into three gluons or into a
virtual photon [5]. Three-body decays, e.g. ψð3686Þ →
ΛΛ̄PðVÞ, where P represents a pseudoscalar meson such as
π0 and η, and V denotes a vector meson, such as ϕ and ω,
are of great interest since they allow us to investigate
the intermediate excited states [6]. So far, the BESIII
Collaboration has reported relevant studies on the decays
J=ψðψð3686ÞÞ → ΣþΣ̄−η [7], ψð3686Þ → ΛΛ̄π0ðηÞ [8],
and ψð3686Þ → ΛΛ̄ω [9], while the similar isospin-
allowed decay ψð3686Þ → ΣþΣ̄−VðV ¼ ω;ϕÞ has not
yet been measured.
The excitation spectra of most of the hyperons are still

not well understood [10]. Furthermore, an enhancement
around the ΛΛ̄ production threshold was observed in the
eþe− → ϕΛΛ̄ process [11], but the interpretation of the ΛΛ̄
system as originating from the ηð2225Þ decay, as predicted
by Ref. [12], was rejected with a significance of 7σ.
A similar structure was also reported in the B meson
decays B0 → ΛΛ̄K0 and Bþ → ΛΛ̄Kþ [13]. Therefore, the
decays of ψð3686Þ → ΣþΣ̄−VðV ¼ ω;ϕÞ provide a good
opportunity to search for potential Σ excitations and for an
enhancement around the ΣþΣ̄− mass threshold.
In this paper, we report the first observations and

branching fraction measurements of ψð3686Þ → ΣþΣ̄−ω
and ΣþΣ̄−ϕ, based on ð2712.4� 14.3Þ × 106 ψð3686Þ
events [14] collected with the BESIII detector.
Furthermore, we search for potential excited baryon states
and unknown structures in the ΣωðϕÞ and ΣþΣ̄− invariant
mass spectra. Hereafter, we denote ψð3686Þ → ΣþΣ̄−ω and
ΣþΣ̄−ϕ as ω-mode and ϕ-mode, respectively.
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II. BESIII DETECTOR AND MONTE CARLO
SIMULATION

The BESIII detector [15] records eþe− collisions pro-
vided by the BEPCII storage ring [16] in the center-of-mass
energy range from 2.0 to 4.95 GeV, with a peak luminosity
of 1 × 1033 cm−2 s−1 achieved at

ffiffiffi
s

p ¼ 3.77 GeV.
BESIII has collected large data samples in this energy
region [17–19]. The cylindrical core of the BESIII detector
covers 93% of the full solid angle and consists of a helium-
based multilayer drift chamber (MDC) that is filled with a
helium-based gas mixture, a plastic scintillator time-of-
flight system (TOF), and a CsI(Tl) electromagnetic calo-
rimeter (EMC), which are all enclosed in a superconducting
solenoidal magnet providing a 1.0 T magnetic field. The
magnet is supported by an octagonal flux-return yoke
with modules of resistive plate muon counters interleaved
with steel. The charged-particle momentum resolution at
1 GeV=c is 0.5%, and the dE=dx resolution is 6% for the
electrons from Bhabha scattering at 1 GeV. The EMC
measures the photon energy with a resolution of 2.5% (5%)
at 1 GeV in the barrel (end cap) region. The time resolution
of the TOF barrel part is 68 ps, while that of the end cap
part 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, which benefits ∼83%
of the data used in this analysis [20–22].
Monte Carlo- (MC) simulated data samples produced

with a Geant4-based [23] software package, which includes
the geometric description [24] of the BESIII detector
and the detector response, are used to optimize the event
selection criteria and estimate the signal efficiency and the
level of background. The simulation models the beam
energy spread and initial-state radiation in the eþe−
annihilation using the generator KKMC [25,26]. The inclu-
sive MC sample includes the production of the ψð3686Þ
resonance, the initial-state radiation production of the J=ψ
meson, and the continuum processes incorporated in KKMC.
Particle decays are generated by EvtGen [27,28] for the
known decay modes with branching fractions taken
from the Particle Data Group (PDG) [29] and
LUNDCHARM [30,31] for the unknown ones. Final-state
radiation from charged final-state particles is included
using the PHOTOS package [32].
To determine the detection efficiency for each signal

process, signal MC samples are generated with a modified
data-driven generator BODY3 [27,28], to simulate contri-
butions from different intermediate states in the data for a
given three-body final state, as discussed in Sec. IV.

III. EVENT SELECTION

In the analysis of the ω-mode, the ΣþðΣ̄−Þ and ω
particles are reconstructed via the ΣþðΣ̄−Þ → pπ0ðp̄π0Þ
and ω → πþπ−π0 decays. Within these processes, the π0 is
reconstructed through the π0 → γγ decay. For the ϕ-mode,

to improve the detection efficiency, a partial reconstruction
of ψð3686Þ → ΣþΣ̄−ϕ → pπ0p̄π0KþK− is performed,
where only one π0 is required to be reconstructed while
the other π0 is treated as a missing particle.
All charged tracks are required to satisfy j cos θj < 0.93,

where θ is the polar angle defined with respect to the z axis,
which is the symmetry axis of the MDC. The charged
tracks not originating from ΣþðΣ̄−Þ decays are required to
have their point of closest approach to the interaction point
(IP) within 10 cm along the z-axis and within 1 cm in the
transverse plane. For the charged tracks from the ΣþðΣ̄−Þ
decays, the distance of closest approach to the IP must be
less than 2 cm in the transverse plane, due to the hyperons’
lifetime. The measurements of the flight time in the TOF
and dE=dx in the MDC for each charged track are
combined to compute particle identification (PID) confi-
dence levels for the pion, kaon, and proton hypotheses. The
tracks are assigned to the particle type with the highest
confidence level.
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 (jcos θj < 0.80) or greater
than 50 MeV in the end cap region (0.86 < jcos θj < 0.92).
To suppress electronic noise and energy depositions not
associated with the event, the EMC cluster timing from
the reconstructed event start time is further required to
satisfy 0 ≤ t ≤ 700 ns. The invariant mass of the π0

candidates reconstructed from a γγ pair is constrained
to the nominal π0 mass [29] by a kinematic fit (1C), and
the χ2 value of the 1C fit χ21C is further required to be less
than 20.
For the ω-mode, in order to suppress the potential

backgrounds and improve the mass resolution, a seven-
constraint (7C) kinematic fit is performed for the ψð3686Þ →
pπ0p̄π0πþπ−π0 hypothesis by enforcing energy-momentum
conservation and constraining the invariant mass of each of
the three photon pairs to the nominal π0 mass. If there is
more than one combination per event, the one with the
smallest χ27C is chosen. Furthermore, the selection χ27C < 45

is applied, by optimizing a figure of merit defined as Sffiffiffiffiffiffiffi
SþB

p ,

where S denotes the number of signal events obtained from
the MC simulation, while B is the number of background
events obtained from the inclusive MC sample.
For the ϕ-mode, since we reconstruct only one π0 meson

to enhance the reconstruction efficiency, a two-constraint
(2C) kinematic fit is performed on the pp̄KþK−π0 combi-
nations, requiring that the missing mass as well as the
invariant mass of the two-photon pair are constrained to
the nominal π0 mass, as well as the invariant mass of the
photon pair. If there is more than one combination in
the event, the one with the smallest χ22C is chosen.
Furthermore, χ22C < 20 is required. The ΣþΣ̄− pair candi-
dates are selected among different pp̄π0π0 combinations by
minimizing
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ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðMpπ0 −mΣþÞ2 þ ðMp̄π0 −mΣ̄−Þ2 þ ðMπþπ−π0 −mωÞ2

q

ð1Þ

for the ω-mode, and
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðMpπ0 −mΣþÞ2 þ ðMp̄π0 −mΣ̄−Þ2

q
ð2Þ

for the ϕ-mode, respectively.
The J=ψ-related backgrounds are vetoed by requiring the

πþπ− or π0π0 recoil mass to be outside of the J=ψ mass
window, and the η-related backgrounds are suppressed by
requiring the invariant mass of π0π0π0 to be outside of the η
mass window. All mass windows are determined to account
for the respective mass resolutions and are listed in Table I,
where M and m denote the invariant mass and the nominal
elementary particle mass [29], respectively, and RM
denotes the recoil mass. For the ω-mode, to suppress the
background channels with a number of photons different
from six, the relations

χ24Cð6γpp̄πþπ−Þ < χ24Cð5γpp̄πþπ−Þ; ð3Þ
χ24Cð6γpp̄πþπ−Þ < χ24Cð7γpp̄πþπ−Þ ð4Þ

are also added.
After applying all the selection criteria, the two-

dimensional (2D) distributions of the p̄π0 invariant mass
versus the pπ0 invariant mass in data are shown in Fig. 1,
where clear ΣþΣ̄− signal peaks are seen in the two decay
modes. The one-dimensional (1D) Σþ and Σ̄− signal and
sideband regions are defined as (1176, 1197) and (1144,
1165) or ð1208; 1229Þ MeV=c2 for the ω-mode. For the
ϕ-mode, the signal and sideband regions are defined as
(1176, 1200) and (1140, 1164) or ð1212; 1236Þ MeV=c2.
The 2D ΣþΣ̄− signal region is defined as the square
region with both pπ0 and p̄π0 combinations lying in the
1D ΣþðΣ̄−Þ signal regions. The ΣþΣ̄− sideband I
regions are defined as the square regions with either one
of the pπ0 or p̄π0 combinations located in the 1D ΣþðΣ̄−Þ
sideband regions and the other in the 1D signal region. The
sideband II regions are defined as the square regions with

both pπ0 and p̄π0 combinations located in the 1D ΣþðΣ̄−Þ
sideband regions.
The potential remaining backgrounds are investigated

with the inclusive ψð3686Þ MC samples, using the event-
type analysis tool TOPOANA [33]. According to our strategy
for extracting signal yields, we consider decay processes
involving ω (for ω-mode) or ϕ (for ϕ-mode) as so-called
peaking backgrounds. Furthermore, peaking backgrounds
were found only for the ϕ-mode, mainly from the
ψð3686Þ → γχc1;2; χc1;2 → ΛΛ̄ϕ processes, and contamina-
tions from these processes were found to be negligible. For
the nonpeaking backgrounds, we consider them as a smooth
distribution in the invariant mass distribution. The possible
non-Σþ, non-Σ̄−, and non-ΣþΣ̄− peaking backgrounds from
ψð3686Þ decays are studiedwith sideband events andwill be
considered when extracting the signal yields later. We
determine the corresponding peaking contributions, denoted
as NSD

I and NSD
II , with NSD

I ¼ 63.0� 14.5 and NSD
II ¼

61.8� 12.7 for the ω-mode, and NSD
I ¼ 29.5� 8.4 and

NSD
II ¼ 26.2� 8.5 for the ϕ-mode, by fitting the data in the

2D sideband I and sideband II regions. In the fitting process,
the description of the peaking contribution and the smooth
background is consistent with the strategy of fitting the
ΣþΣ̄− signal region events in Sec. IV.
To investigate the possible background from quantum

electrodynamical continuum processes, the same selection
criteria are applied to data samples collected at center-of-
mass energies of 3.65 and 3.773 GeV, corresponding to
values of integrated luminosity of 454 and 2931.8 pb−1 [34],
respectively. Only a peaking contribution of 1.6σ is found for
the ω-mode at 3.773 GeV, and no peaking background
contribution is seen for the ϕ-mode. We also consider the
system uncertainty caused by the interference effect between
the resonance decay and the continuum processes, but the
corresponding effect is negligible.

IV. SIGNAL YIELDS

The signal yields are determined by extended unbinned
maximum likelihood fits on the πþπ−π0 (ω-mode) or

TABLE I. Mass selection windows for each mode.

Mode Mass window (MeV=c2)

ω-mode jRMðπþπ−Þ −mJ=−ψ j > 10

jRMðπ0π0Þ −mJ=−ψ j > 15

jMðπ0π0π0Þ −mηj > 13

jMðpπ−Þ −mΛj > 6
jMðp̄πþÞ −mΛ̄j > 6

Mðpπ0Þ∈ ½1176; 1197� and Mðp̄π0Þ∈ ½1176; 1197�
ϕ-mode jRMðπ0π0Þ −mJ=ψ j > 9

Mðpπ0Þ∈ ½1176; 1200� and Mðp̄π0Þ∈ ½1176; 1200�
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FIG. 1. Distributions of Mp̄π0 versus Mpπ0 of the accepted
candidates for (a) ψð3686Þ→ΣþΣ̄−ω and (b) ψð3686Þ→ΣþΣ̄−ϕ,
where the red solid rectangle denotes the signal region, the pink
dashed rectangles the sideband I region, and the green long-
dashed rectangles the sideband II region.
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KþK− (ϕ-mode) invariant mass distributions in the ΣþΣ̄−

signal regions. The total probability density function
consists of a signal component and various background
contributions. The signal component is modeled with the
MC-simulated shape convolved with a Gaussian function to
account for the possible difference in the mass resolution
between data and MC simulation.
For the background of the 2D sideband I region and

sideband II region, the shape is described using the MC-
simulated shape of the signal, while the number of events is
fixed to a normalization value, i.e. 1

2
× NSD

I − 1
4
× NSD

II .
According to the calculation in Sec. III, the background
contributions from all 2D sideband regions are fixed as 16.1
events for the ω-mode and 8.2 events for the ϕ-mode.
The remaining smooth backgrounds for the two modes

are modeled by a second-order polynomial function and a
parametrization [35] developed by the Argus Collaboration
for the resonance signal, respectively. The numbers of
fitted signal events are 198.7� 18.9 and 55.2� 10.0 for
the ω- and ϕ-modes, respectively. The corresponding
statistical significances are determined to be 13.8σ and
7.6σ for the ω- and ϕ-modes, respectively. The statistical
significance is estimated by the likelihood difference
between the fits with and without the signal component,
taking the change in the degrees of freedom into account.
Figures 2 and 3 show the fit results.
The potential intermediate states are investigated via

Dalitz plots and their 1D projections. Figure 4 shows the
invariant mass distributions of the different two-body
combinations for the two decay modes, where the back-
ground contributions have been subtracted by using the
normalized sideband events distributions. No obvious
structure can be found in any of the mass distributions.
Nevertheless, the experimental distributions are not con-
sistent with the signal MC sample generated according
to the phase-space (PHSP) distribution. To improve the

accuracy of the detection efficiency, the PHSP model is
replaced by the modified data-driven generator BODY3,
where the MC-simulated events are sampled according to
the Dalitz distribution in the data. The comparisons are
shown in Fig. 4. The MC sample of BODY3 describes the
data better.

V. RESULTS FOR BRANCHING FRACTIONS

The branching fraction for each signal decay is calcu-
lated by

Bðψð3686Þ → ΣþΣ̄−VÞ ¼ Nobs

Nψð3686Þ ·
Q

iBi · ε
: ð5Þ

Here, Nobs is the number of signal events determined by
the fit, Nψð3686Þ is the total number of ψð3686Þ events,
V denotes the vector meson ω and ϕ, Bi is the branching
fraction of the ith intermediate state taken from the
PDG [29], and ε is the detection efficiency, which is
determined by the MC simulation based on the BODY3
model. The corresponding numerical values are listed
in Table II.

VI. SYSTEMATIC UNCERTAINTIES

As sources of systematic uncertainties in the branching
fraction measurements we consider the tracking and
PID efficiencies, the photon detection efficiency, the π0

reconstruction efficiency, the kinematic fit, the procedure
for signal extraction and background subtraction, the MC
simulation modeling, and so on. They are described as
follows.

(i) Tracking and PID: The uncertainties due to the
tracking efficiency are estimated with the control
samples ψð3686Þ → πþπ−J=ψ , J=ψ → K0

SK
�π∓,

and J=ψ → pp̄πþπ− and are determined to
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FIG. 2. The Mðπþπ−π0Þ distribution of the accepted events in
the 2D signal region. The black points with uncertainties are data,
the gray solid curve is the fit result, the orange shaded histogram
represents the signal, the green histogram denotes the scaled 2D
sideband contribution, and the blue dotted curve represents the
remaining smooth background.
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FIG. 3. TheMðKþK−Þ distribution of the accepted events in the
2D signal region. The black points with uncertainties are data, the
gray solid curve is the fit result, the orange shaded histogram
represents the signal, the green histogram denotes the scaled 2D
sideband contribution, and the blue dotted curve represents the
remaining smooth background.
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be 1% [36–38] for each charged track. The PID
uncertainties are determined to be 1% for each
charged track as well, based on the same samples
used to estimate the tracking uncertainties.

(ii) Photon detection: The difference in the photon
detection efficiencies between data and MC simu-
lation is studied using a control sample of eþe− →
γμþμ− and found to be less than 0.5% for each
photon.

(iii) π0 reconstruction: Based on the control samples
ψð3686Þ → π0π0J=ψ , J=ψ→ lþl−, and eþe−→ωπ0

at
ffiffiffi
s

p ¼ 3.773 GeV, the relative difference of the
π0 reconstruction efficiencies between data and
MC simulation has been estimated, and the results
on the two datasets are consistent with each other.
We have studied the relative difference as a function
of the polar angle and of the total π0 momentum p,
and it decreases linearly as a function of the
momentum following a ð0.06–2.41 × pÞ% depend-
ence. The resulting systematic uncertainties of the

π0 reconstruction efficiency are determined to be
2.9% and 0.8% for the ω-mode and the ϕ-mode,
respectively.

(iv) Kinematic fit: The uncertainty associated with the
kinematic fit is estimated by comparing the effi-
ciencies with and without the helix parameter
correction [39].

(v) Signal yields
(a) Mass window: The systematic uncertainties

related to each individual mass window require-
ment for background rejection are estimated
by varying the size of each mass window by
1 standard deviation of the corresponding mass
resolution. The larger variation in the branching
fraction for each mass requirement is considered
as the related systematic uncertainty. For the
2D mass window of ΣþΣ̄− signal selection, the
uncertainty is estimated by the control sample
J=ψ → ΣþΣ̄−. The differences in the selection
efficiencies between data and MC simulation
from the control sample are taken as the corre-
sponding systematic uncertainties.

(b) Fitting range: The uncertainty due to the fitting
range is estimated by randomly changing the
range of the fits (for the ω-mode, the lower and
the upper side in the range [630, 670] and ½890;
930� MeV=c2, respectively; for the ϕ-mode, the
upper side in the range ½1080; 1120� MeV=c2)
and performing the fit 800 times, using a recalcu-
lated signal efficiency, as described in Ref. [40].
The variance of the remeasured branching

TABLE II. Signal yields (Nobs), corrected signal efficiencies
(ε), branching fractions (B), and statistical significances (σ) for
the two decay modes.

ψð3686Þ → ΣþΣ̄−ω ψð3686Þ → ΣþΣ̄−ϕ

Nobs 198.7� 18.9 55.2� 10.0
ε (%) 1.69 5.33
B ð1.89� 0.18� 0.21Þ × 10−5 ð2.96� 0.54� 0.41Þ × 10−6

σ 13.8 7.6
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fraction is taken as the corresponding systematic
uncertainty, respectively.

(c) Signal shape: The uncertainty due to the signal
shape is estimated by replacing the MC-
simulated shape convolved with a Gaussian
function with only the MC-simulated shape.
The difference in the measured branching frac-
tion is taken as the systematic uncertainty.

(d) Nonpeaking background: To estimate the un-
certainty of the nonpeaking background in the
fit, we perform alternative fits by replacing the
second-order Chebyshev polynomial with a
third-order polynomial function or the Argus
function with the third-order Chebyshev poly-
nomial for the data. The difference in the
measured branching fraction is taken as the
systematic uncertainty.

(e) Δ-related background: The uncertainty due to
the possible peaking background ψð3686Þ →
ΔþΔ̄−VðV¼ ω;ϕÞ is estimated by including
in the fit this channel, assuming BðΔþ→pπ0Þ¼
66.6% [41] and ψð3686Þ → ΔþΔ̄−VðV ¼ ω;ϕÞ
equal to ψð3686Þ → ΣþΣ−VðV ¼ ω;ϕÞ, and the
largest differences between these results and
the nominal ones are taken as the systematic
uncertainty, separately for the ω- and ϕ-modes.

(f) Sideband background: The systematic uncer-
tainty associated with the 2D sideband back-
ground is estimated by increasing and reducing
the sideband regions by 1 standard deviation of
the mass resolution or by changing the normal-
ized value of the background contribution by 1
standard deviation of the statistical uncertainty.
The difference in the measured branching frac-
tions is taken as the systematic uncertainty.

(g) Interference: The effect due to the interference
between the ψð3686Þ decay and the continuum
production is estimated with the method de-
scribed in Ref. [42]. While the effect is negli-
gible for the channel involving a ϕ meson, it is
relevant for the ω channel. The cross section for
a certain exclusive final state f can be written as

σftotðsÞ ¼ jafcðsÞ þ eiΦ · afRðsÞj2; ð6Þ

where
ffiffiffi
s

p
is the center-of-mass energy, afc and

afR are the amplitudes of the continuum contri-
bution and of the ψð3686Þ → ΣþΣ̄−ω decay,
respectively, and Φ is the relative phase between
the two amplitudes [43]. The systematic uncer-
tainty due to the interference effect is assigned as
the difference of rfR between the constructive
(Φ ¼ π=2) and destructive (Φ ¼ 3π=2) interfer-
ence, where rfR represents the ratio of the cross

sections from the interference term to the cross
section of ψð3686Þ → ΣþΣ̄−ω. Since the prior
distribution of the interference angle is assumed
to be uniform, this difference divided by

ffiffiffiffiffi
12

p
,

namely 3.1%, is assigned as the corresponding
systematic uncertainty for the ω-mode.

(vi) MC simulation: The systematic uncertainty associ-
ated with the MC simulation is related to the use of
the BODY3 generator and to the differences in the
polar angle distributions of each final-state particle
between data and MC simulation. The first contri-
bution is estimated by varying the bin size of the
input Dalitz plot by �25%, shifting the 1D sideband
regions to the left or to the right by 1 standard
deviation of the mass resolution, and changing in the
BODY3 generator the background level in the input
Dalitz plot by �1σ, where σ denotes the statistical
uncertainty of the background level determined from
the fit result. Combining the results from the three
sources, the largest change to the nominal detection
efficiency is taken as the systematic uncertainty. The
second contribution is estimated by rescaling the
corresponding distribution from the MC simulation
to match the data. The difference in efficiency before
and after the rescaling is taken as the systematic
uncertainty.

(vii) Quoted branching fractions: The uncertainties for
the quoted branching fractions are taken from
PDG [29].

(viii) Nψð3686Þ: The uncertainty on the value of the total
number of ψð3686Þ events, determined with inclu-
sive hadronic ψð3686Þ decays, is 0.5% [14].

All contributions to the values of the systematic
uncertainties are summarized in Table III for the

TABLE III. The systematic uncertainties for ψð3686Þ →
ΣþΣ̄−VðV ¼ ω;ϕÞ decay channels (in percent).

Source ΣþΣ̄−ω ΣþΣ̄−ϕ

Tracking 2.9 2.9
PID 2.9 2.9
Photon 3.0 1.0
π0 reconstruction 2.9 0.8
Kinematic fit 1.5 1.9
Mass window 3.0 2.0
Fitting range 0.9 1.0
Signal shape 0.8 1.8
Nonpeaking background 1.6 2.2
Δ-related background Negligible 0.2
Sideband background 4.5 9.4
Interference 3.1 Negligible
MC simulation 6.6 8.1
Quoted branching fractions 1.4 1.6
Nψð3686Þ 0.5 0.5

Sum 11.2 13.9
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ψð3686Þ → ΣþΣ̄−ω and ψð3686Þ → ΣþΣ̄−ϕ decays,
respectively. The total uncertainties are given by the
quadratic sum, assuming statistical independence of all
the contributions.

VII. SUMMARY

Using ð2712.4� 14.3Þ × 106 ψð3686Þ events collected
with the BESIII detector at the BEPCII collider, we observe
the decay modes ψð3686Þ → ΣþΣ̄−VðV ¼ ω;ϕÞ for the
first time. The corresponding branching fractions are
measured to be Bðψð3686Þ → ΣþΣ̄−ωÞ ¼ ð1.89� 0.18�
0.21Þ × 10−5 and Bðψð3686Þ→ΣþΣ̄−ϕÞ¼ð2.96�0.54�
0.41Þ×10−6, where the first uncertainties are statistical and
the second systematic. The results are comparable to those
of the previously observed decays J=ψðψð3686ÞÞ →
ΣþΣ̄−η [7], ψð3686Þ → ΛΛ̄π0ðηÞ [8], and ψð3686Þ →
ΛΛ̄ω [9]. No evident structures deviating from three-body
phase-space distributions have been observed in the invari-
ant mass distribution of ΣþΣ̄−, Σω, or Σϕ pairs.
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