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The Cabibbo-allowed weak radiative decay Λþ
c → Σþγ has been searched for in a sample of Λþ

c Λ̄−
c

pairs produced in eþe− annihilations, corresponding to an integrated luminosity of 4.5 fb−1 collected
with the BESIII detector at center-of-mass energies between 4.60 and 4.70 GeV. No excess of signal
above background is observed, and we set an upper limit on the branching fraction of this decay to
be BðΛþ

c → ΣþγÞ < 4.4 × 10−4 at a confidence level of 90%, which is in agreement with Standard
Model expectations.

DOI: 10.1103/PhysRevD.107.052002

I. INTRODUCTION

Charmed baryons provide an excellent laboratory for
studying the dynamics of light quarks in the environment of
a heavy quark [1,2]. However, to date, there is no sat-
isfactory phenomenological approach for describing the
complicated physics of charmed-baryon decays. Improved
experimental results are essential for us to understand better
the underlying physics and constrain the relevant models. In
recent years, great progress has been made in the exper-
imental study of the Λþ

c baryon at the BESIII, Belle and
LHCb experiments, including precise measurements of the
eþe− → Λþ

c Λ̄−
c production cross sections [3], the branching

fractions (BFs) of Cabibbo-favored and -suppressed had-
ronic decays [4,5], the BFs of semileptonic decays [6,7] and
of hadronic weak decays [8], as well as searches for very
rare processes [9]. Thanks to a large Λþ

c Λ̄−
c data sample,

corresponding to an integrated luminosity of 4.5 fb−1, BF
studies at BESIII have the potential to reach a sensitivity of
10−4, which is sufficient to search for unmeasured Λþ

c
decays with low BFs and perform precise measurements of
the BFs of knownΛþ

c decays. For example, with this sample
BESIII has reported the first observation of the Cabibbo-
suppressed decay Λþ

c → nπþ with a BF of ð6.6� 1.3Þ ×
10−4 [10]. Throughout this paper, the charge conjugated
decay channels are implied.
Radiative decays of charmed hadrons play an important

role in understanding their dynamics. Weak radiative
decays usually receive contributions from both the weak
and electromagnetic interactions. In addition, long-distance
effects could be comparable to, or dominant over, the
short-distance ones. In 2008, the BFs of the radiative
charm decays D0 → K̄�0γ and D0 → ϕγ were measured
by BABAR to be ð3.22� 0.20� 0.27Þ × 10−4 and ð2.73�
0.30� 0.26Þ × 10−5, respectively [11], which are consis-
tent with Standard Model predictions [12]. In 2016, Belle

reported the observation of D0 → ρ0γ, D0 → K̄�0γ and
D0→ϕγ with BFs of ð1.77�0.30�0.07Þ×10−4, ð4.66�
0.21� 0.21Þ × 10−4 [13] and ð2.76�0.19�0.10Þ×10−5,
respectively. These values are considerably larger than
theoretical expectations [14].
To date, however, the radiative decays of charmed

baryon Λþ
c have rarely been probed in experiment. The

bag model, the constituent quark model with QCD cor-
rections and light-cone sum rules predict the BF of the
Cabibbo-allowed weak radiative decay Λþ

c → Σþγ to be
around 10−4–10−5 [12,15,16]. The decay proceeds pre-
dominantly through a W-exchange diagram accompanied
by photon emission from the external quark, as shown in
Fig. 1. Measurement of the BFs of this kind of decay is
important for distinguishing among various theoretical
calculations [1,12,15,16], thereby improving the under-
standing of the weak radiative decay of charmed baryons.
In June 2022, Belle reported the upper limits at 90%

credibility level on the absolute branching fraction BðΛþ
c →

ΣþγÞ < 2.6 × 10−4 [17]. This result is consistent with the
theoretical predictions [12,15,16]. This paper reports the
first search for Λþ

c → Σþγ in a model-independent
approach, based on data sample corresponding to an
integrated luminosity of 4.5 fb−1 accumulated with the
BESIII detector at the center-of-mass energies

ffiffiffi
s

p ¼
4.60–4.70 GeV [18]. The center-of-mass energy and the
integrated luminosity for each energy point are listed in
Table I.

+W

c
+� +�

�

s

u

u

c

d

u

FIG. 1. The lowest-order Feynman diagram of the Λþ
c → Σþγ

decay.
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II. BESIII DETECTOR AND MONTE CARLO

The BESIII detector [19] records symmetric eþe−
collisions provided by the storage ring of the upgrade of
the Beijing Electron Positron Collider (BEPCII) [20]
storage ring, which operates in the center-of-mass energy
(

ffiffiffi
s

p
) 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 at these energy regions [21].
The cylindrical core of the BESIII detector covers 93% of
the full solid angle and consists of a helium-based multi-
layer drift chamber (MDC), 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 [22].
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 multigap resistive plate chamber technology,
providing a time resolution of 60 ps [23].
Simulated samples produced with the GEANT4-based [24]

Monte Carlo (MC) package, which includes the geo-
metric description [25,26] of the BESIII detector and the
detector response, are used to determine the detection
efficiency and to estimate the backgrounds. The simu-
lation includes the beam-energy spread and initial-
state radiation (ISR) in the eþe− annihilations modeled
with the generator KKMC [27]. The inclusive MC sample,
which consists of Λþ

c Λ̄−
c events, DðsÞ production, ISR

return to lower-mass ψ states, and continuum processes
(eþe− → uū, dd̄ and ss̄) is generated to estimate the
potential background, in which all the known decay
modes of charmed hadrons and charmonia are modeled
with EVTGEN [28,29] using BFs taken from the Particle
Data Group (PDG) [30], and the remaining unknown

decays are modeled with LUNDCHARM [31,32]. Final-state
radiation from charged final-state particles is incorporated
using PHOTOS [33]. The eþe− → ΛcΛ̄c line-shape imple-
ments the description from Ref. [3]. The decays of Λþ

c →
Σþγ and Σþ → pπ0 are modeled with uniform phase-
space distributions.

III. METHODOLOGY

At
ffiffiffi
s

p ¼ 4.60–4.70 GeV, Λþ
c Λ̄−

c pairs are produced in
eþe− annihilations without additional hadrons. The Λ̄−

c
baryons are fully reconstructed by their hadronic decays
to p̄Kþπ−, p̄K0

S, p̄Kþπ−π0, p̄K0
Sπ

0, p̄K0
Sπ

þπ−, Λ̄π−,
Λ̄π−π−πþ, Λ̄π−π0, Σ̄0π− and Σ̄−πþπ−. These reconstructed
decays are referred to as single-tag (ST) Λ̄−

c baryons, where
the intermediate particles K0

S, Λ̄, Σ̄0, Σ̄−, and π0 are
reconstructed via K0

S → πþπ−, Λ̄ → p̄πþ, Σ̄0 → γΛ̄, Σ̄− →
p̄π0 and π0 → γγ, respectively. In the other side of the
events recoiling against the ST Λ̄−

c baryons, the candidate
Λþ
c → Σþγ decays are selected to form double-tag

events (DT).

IV. ST EVENT SELECTION

The same selection criteria are used in this analysis as in
Ref. [10]. Charged tracks are required to have a polar angle
(θ) within jcos θj < 0.93, where θ is defined with respect to
the beam direction. Except for those fromK0

S and Λ̄ decays,
all tracks are required to originate from an interaction
region defined by jVxyj < 1 cm and jVzj < 10 cm, where
jVxyj and jVzj refer to the distances of closest approach of
the reconstructed track to the interaction point (IP) in the xy
plane and the z direction (along the beam), respectively.
Particle identification (PID) is implemented by combin-

ing the measurements of dE=dx in the MDC and the flight
time in the TOF into a probability that a given track is a
pion, kaon or proton. The track is assigned to one of these
three particle types, according to the probability.
Candidates for K0

S and Λ̄ mesons are reconstructed from
their decays to πþπ− and p̄πþ, respectively, where the
charged tracks must have distances of closest approach to
the IP that are within �20 cm along the beam direction. To
improve the signal purity, PID is implemented to select the
antiproton candidate, while the charged pion is not subject
to any PID requirement. A secondary vertex fit is performed
for each K0

S or Λ̄ candidate, and the momenta updated by
the fit are used in the subsequent analysis. The K0

S or Λ̄
candidate is accepted if the χ2 of the secondary vertex fit is
less than 100. Furthermore, the decay vertex is required to
be separated from the IP by a distance of at least twice the
fitted vertex resolution, and the invariant mass to be within
ð0.487;0.511ÞGeV=c2 for πþπ− or ð1.111; 1.121ÞGeV=c2
for the p̄πþ pair. The two invariant masses for πþπ− and
p̄π− resolutions are found, using MC simulations, to be 2.9
and 1.2 MeV=c2, respectively. The Σ̄0 and Σ̄− candidates

TABLE I. The center-of-mass energy and the integrated lumi-
nosity (Lint) for each energy point. The first and the second
uncertainties are statistical and systematic, respectively.
ffiffiffi
s

p
(MeV) Lint (pb−1)

4599.53� 0.07� 0.74 586.90� 0.10� 3.90
4611.84� 0.12� 0.28 103.45� 0.05� 0.64
4628.00� 0.06� 0.31 519.93� 0.11� 3.22
4640.67� 0.06� 0.36 548.15� 0.12� 3.40
4661.22� 0.06� 0.29 527.55� 0.12� 3.27
4681.84� 0.08� 0.29 1664.34� 0.21� 10.32
4698.57� 0.10� 0.32 534.40� 0.12� 3.31
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are reconstructed from the γΛ̄ and p̄π0 final states with
invariant masses being within (1.179, 1.203) and
ð1.176; 1.200Þ GeV=c2, respectively. The two invariant
mass resolutions are found, using simulation, to be 3.6
and 4.3 MeV=c2, respectively.
Photon candidates are identified using showers in the

electromagnetic calorimeter (EMC). The deposited energy
of each shower must be more than 25 MeV in the barrel
region (jcos θj ≤ 0.80) or more than 50 MeV in the end-cap
region (0.86 ≤ jcos θj ≤ 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 reconstructed with pairs of

photon candidates within the invariant mass range
ð0.115; 0.150ÞGeV=c2. To improve the resolution, a kin-
ematic fit is performed by constraining the invariant mass
of the photon pair to correspond to the π0 mass and
requiring the corresponding χ2 of the fit to be less than
200. The momenta updated by the kinematic fit are used in
the subsequent analysis.
To distinguish the ST Λ̄−

c baryons from combinatorial
backgrounds, we study the distributions of the energy
difference ΔE and the beam-constrained mass MBC of
the selected ST candidates, defined as

ΔE≡ EΛ̄−
c
− Ebeam; ð1Þ

MBC ≡
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E2
beam=c

4 − jp⃗Λ̄−
c
j2=c2

q
; ð2Þ

where Ebeam is the beam energy and p⃗Λ̄−
c
and EΛ̄−

c
are the

total momentum and energy of the ST candidate, respec-
tively, calculated in the eþe− rest frame. The signals are
expected to concentrate around zero in ΔE distribution and
around the nominal Λ̄−

c mass in the MBC distribution. If
there are multiple candidates for each tag mode, the one

with minimum jΔEj is retained. Combinatorial back-
grounds in the MBC distributions are suppressed with the
ΔE requirements shown in Table II.
For each tag mode, the ST yield is determined by fitting

the MBC distribution of the candidates accepted by all the
requirements described. In the fit, the Λ̄−

c signal is modeled
with a shape obtained from the MC-simulated signal
convolved with Gaussian function, different for different
energies and tagging modes, and the combinatorial back-
ground is described by an ARGUS function [34]. The fits to
the MBC distributions for the various tag modes at

ffiffiffi
s

p ¼
4.600 GeV are shown in Fig. 2. Candidates in the MBC

signal region ð2.275; 2.310Þ GeV=c2 are kept for further
analysis. The ST yields in data and the ST efficiencies for
individual tags are shown in Table II. The same procedure
is performed for the other six data samples at different
energy points which are summarized in Supplemental
Material of Ref. [10]. Summing over the ST yields for
all tags and energy points gives the total ST yield to be
Ntot

ST ¼ 105244� 384, where the uncertainty is statistical.

TABLE II. The ΔE requirement, ST yield, and ST detection
efficiency (include the branching fractions of subleading decays)
of Λ̄−

c → Σ̄−γ for each tag mode for the data sample atffiffiffi
s

p ¼ 4.600 GeV. The uncertainty in the ST yield is statistical
only.

Tag mode ΔE (MeV) NST
i ϵSTi (%)

p̄Kþπ− ð−34; 20Þ 6705� 90 51.0
p̄KS ð−20; 20Þ 1268� 37 56.2
Λ̄π− ð−20; 20Þ 741� 28 47.7
p̄Kþπ−π0 ð−30; 20Þ 1539� 57 15.4
p̄KSπ

0 ð−30; 20Þ 485� 29 18.4
Λ̄π−π0 ð−30; 20Þ 1382� 49 16.6
p̄KSπ

þπ− ð−20; 20Þ 512� 29 19.9
Λ̄π−πþπ− ð−20; 20Þ 646� 31 13.7
Σ̄0π− ð−20; 20Þ 404� 22 22.5
Σ̄−πþπ− ð−30; 20Þ 872� 38 18.1

FIG. 2. Distributions of MBC for the different ST channels of
the Λ̄−

c at
ffiffiffi
s

p ¼ 4.600 GeV. The signal shape of the Λ̄−
c is

described by the simulated shape convolved with a Gaussian
resolution function and the background is modeled with an
ARGUS function. The points with error bars represent data. The
(red) solid curves indicate the fit results and the (blue) dashed
curves describe the background shapes.
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V. DT EVENT SELECTION

After the selection of the tag side, the Λþ
c → Σþγ

(Σþ → pπ0) is selected in the recoil side of the tagged
Λ̄−
c as follows. It is required to have only one good charged

track identified as a proton, apart from those charged tracks
used in the ST selection. The proton candidate is required to
originate from within 20 cm along the beam axis with
respect to the IP. The π0 candidates are selected with photon
pairs, and the energies of the photons are required to be less
than 0.45 GeV, which is a requirement set from the study of
the π0 → γγ distribution in signal MC at generator level.
The energy of the radiative isolated high-energy γ is
required to be greater than 0.65 GeV, and the number of
good photons must be exactly one for the signal process.
For multiple π0 candidates, only the combination of the
proton, π0 and radiative γ with minimum of jΔEsigj is
retained, where ΔEsig ¼ Epπ0γ − Ebeam. The ΔEsig is fur-
ther required to be within ð−0.038; 0.026Þ GeV. The Σþ

candidate is reconstructed via Σþ → pπ0 with a mass
(Mpπ0) lying within ð1.176; 1.200Þ GeV=c2.
To determine the detection efficiency, 500 000 events of

Λþ
c → Σþγ are simulated for each energy point. The ten tag

modes are simulated according to their relative BFs. The
DT efficiencies measured from this MC sample are sum-
marized in Table III after all selection requirements.

VI. BACKGROUND ANALYSIS

Potential sources of background are classified into two
categories: those directly originating from continuum
hadron production in eþe− annihilation (denoted as qq̄
background thereafter) and those from eþe− → Λþ

c Λ̄−
c

(denoted as Λþ
c Λ̄−

c background thereafter).
TheMsig

BC distribution of the accepted candidates from the
qq̄ component in the inclusive MC sample is shown in
Fig. 3(a), where no peaking contribution in the signal
region is observed. The yield of the qq̄ component in the
signal region Msig

BC ∈ ð2.275; 2.310Þ GeV=c2 is estimated
from the data to be 5.0� 0.2 events, which is determined
by measuring the number of data events in the sideband
region Msideband

BC ∈ ð2.15; 2.27Þ GeV=c2. The Msig
BC distri-

butions in the inclusive MC sample show that the back-
ground components are consistent between sideband and
signal regions. This sideband contribution has been
extrapolated to the signal region with a scale factor 1.03,
which is the ratio between sideband region and signal
region in the inclusive MC sample.
The Λþ

c Λ̄−
c background is dominated by events contain-

ing the decay Λþ
c → Σþπ0, the magnitude of which is

estimated using MC simulation. The expected background
yield from this source is estimated in MC simulation and
found to be 6.2� 0.5 events after normalizing to the
integrated luminosity of the data sample and taking
BðΛþ

c →Σþπ0Þ¼ð1.24�0.10Þ×10−2 from the PDG [30].

The resulting MBC distribution of the accepted candidates
in data, signal MC and various simulated background
contributions is presented in Fig. 3(a), where the signal
MC is shown with a BF = 1.0 × 10−4, which corresponds to
an event yield of 1.2 events. There are ten events in data in
the signal region.

VII. UPPER LIMIT CALCULATION

Since no significant signal is observed, a test statistic
based on a profile log-likelihood ratio [35] is used to
determine the upper limit on the BF of Λþ

c → Σþγ.
The likelihood function depending on the parameter of
interest BðΛþ

c → ΣþγÞ and the nuisance parameters θ1 ¼
ðϵeff ; NbkgÞ is defined as

LðBðΛþ
c → ΣþγÞ; θ1Þ ¼ PoisðNobsjNexpÞ · Gausðθ1Þ; ð3Þ

where Pois is a Poisson function, Gaus is a Gaussian
distribution, and Nobs is the number of events observed in
the signal region from data. Nexp is the expected number of
events, which is defined as the sum of the number of
background and signal events estimated in the signal region:

Nexp ¼ 2NΛþ
c Λ̄−

c
· BST · BðΛþ

c → ΣþγÞ · ϵeff þ Nbkg; ð4Þ

where NΛþ
c Λ̄−

c
is the number of NΛþ

c Λ̄−
c
pairs, BST stands for

the BF of a given tag mode, ϵeff refers to signal efficiency
and Nbkg is the number of background events. The sys-
tematic uncertainties are parametrized as Gaussian-function
constraints with nuisance parameters θ1. The uncertainties
associated with the efficiency and background are consid-
ered separately. The upper limit on the BF at a confidence
level (C.L.) of 90% is derived by scanning the parameter of
interest space, with result shown in Fig. 3(b), and is found to
be BðΛþ

c → ΣþγÞ < 4.4 × 10−4.

TABLE III. The DT detection efficiency (include the branching
fractions of subleading decays) in percent for each tag mode and
each energy point.
ffiffiffi
s

p
(GeV) 4.600 4.612 4.628 4.641 4.661 4.682 4.699

pK−πþ 12.9 12.7 12.2 11.9 11.6 11.2 10.9

pK0
S 13.8 13.2 12.7 12.0 11.6 11.2 11.0

Λπþ 10.4 10.0 9.6 9.1 8.8 8.7 8.0

pK−πþπ0 4.4 4.3 4.1 3.9 3.8 3.8 3.6

pK0
Sπ

0 4.7 4.6 4.4 4.2 4.1 4.0 3.9

Λπþπ0 4.1 3.7 3.7 3.7 3.4 3.5 3.3

pK0
Sπ

þπ− 5.2 4.8 4.6 4.7 4.4 4.3 4.1

Λπþπþπ− 3.6 3.4 3.3 3.1 3.2 3.1 3.1

Σ0πþ 6.0 5.5 5.1 5.4 4.8 4.8 4.8

Σþπþπ− 4.7 4.3 4.3 4.2 4.3 3.9 3.9
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VIII. SYSTEMATIC UNCERTAINTIES

With the DT method, most of the systematic uncertain-
ties arising from the ST side cancel out. However, sys-
tematic uncertainties originate from other sources. The
uncertainty in the total ST yield is assigned as 0.5% [28],
which comes mainly from the statistical uncertainty, with
an additional systematic component associated with the fit
to the MBC distribution of the ST candidates, assessed by
varying the signal shape, the background shape, and the fit
range in the fit to the MBC distributions. The uncertainties
due to the proton tracking and PID efficiencies are studied
with a control sample of reconstructed J=ψ → pp̄πþπ−
process. These are assigned to be 2.0% and 1.0%, respec-
tively. The uncertainties associated with the difference in π0

reconstruction efficiencies between data and MC simula-
tion are estimated using DT events with D̄0 → Kþπ−,
Kþπ−π−πþ versus D0 → K−πþπ0. The systematic uncer-
tainty in the reconstruction efficiency per radiative photon

is based on the studies with the control sample of J=ψ →
ρ0π0 with ρ0 → πþπ− and π0 → γγ [36] and is assigned to
1.0%. The difference of π0 efficiencies between data and
MC simulation, 1.0%, is assigned as the associated sys-
tematic uncertainty [37]. The uncertainty due to the
requirement on only one proton candidate is estimated

from a sample of J=ψ → Σ0Σ0 (Σ0 → pþπ−) decays. The
efficiency difference between this requirement and the
nominal one is 2.0%, which is assigned as a systematic
uncertainty. The potential bias due to the Mpπ0 require-
ment is estimated with the J=ψ → ΣþΣ− sample, with the
0.4% difference of efficiencies between data and simu-
lation being assigned as the corresponding uncertainty.
The systematic uncertainty due to the ΔEsig requirement is
estimated in a similar manner with the Λc → pπ0π0

sample and found to be 3.1%. The potential bias asso-
ciated with the qq̄ → hadrons background contribution
is assigned from the statistical uncertainty of the data
yield in the sideband range of the Msig

BC distribution
ð2.15; 2.27ÞGeV=c2, which is used to estimate this back-
ground, and leads to a 4.4% uncertainty in the branching
fraction. The total systematic uncertainty from the qq̄ →
hadrons background contamination is assigned to be 2.1%
as the quadratic sum of the above two sources. The
systematic uncertainty associated with the Λc → Σπ0
background contribution is 4.4% based on the knowledge
of the BF from PDG [30]. To study the effects of the
uncertainty in the MC model we generate the Λþ

c → Σþγ
events with a proton polar-angle distribution paramet-
rized by 1þ α cos2 θ (with α ¼ �1.0) and find a differ-
ence of 2.1% in efficiency with respect to the baseline
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FIG. 3. (a) The comparison of the Msig
BC distributions of the

candidate events for Λþ
c → Σþγ between data and MC simu-

lation. The two red arrows indicate the signal region. (b) The
profile log-likelihood ratio curve versus BðΛþ

c → ΣþγÞ. The
intersection of the curve and horizontal line indicates the upper
limit of the BF at the 90% C.L., where the black solid curve is the
scan result with systematic uncertainties.

TABLE IV. Summary of relative systematic uncertainties (in
percent).

Sources BðΛþ
c → ΣþγÞ (%)

Single-tag yield 0.5

p tracking 2.0

p PID 1.0

γ detection 1.0

π0 reconstruction 1.0

Nproton requirement 2.0

Signal model 2.1

Σþ requirement 0.4

ΔE requirement 3.1

qq̄ background 2.1

Λc → Σπ0 background 4.4

Assumed BF (PDG) 0.6

MC statistics 0.6

Sum 7.3
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phase-space model. The limited size of the signal MC
sample leads to a 0.6% uncertainty in the knowledge of
the efficiency. Table IV summarizes the sources of the
systematic uncertainties in the measurement of branch-
ing ratio of Λþ

c → Σþγ decay. The total systematic
uncertainty is obtained to be 7.3% as the quadratic sum
of all sources.

IX. SUMMARY

Using an eþe− collision data sample corresponding to
an integrated luminosity of 4.5 fb−1 collected at

ffiffiffi
s

p ¼
4.60–4.70 GeV with the BESIII detector, we have searched
for the Cabibbo-allowed weak radiative decay Λþ

c → Σþγ
in a model-independent approach for the first time. No
signal is found, and an upper limit on the BF of Λþ

c → Σþγ
decay is set to be 4.4 × 10−4 at the 90% C.L. This result is
consistent with the theoretical predictions of 5 × 10−5 [12],
2.8 × 10−4 [15] and 1.03 × 10−4 [16], from the bag model
and appropriate QCD corrections, respectively, where the
short-distance cd → usγ mechanism is expected to be
dominant. A more stringent constraint, or discovery, is
expected with the larger dataset that BESIII expects to
accumulate in the near future [38].
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