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Using a sample of ð2712.4� 14.3Þ × 106 ψð3686Þ events collected with the BESIII detector, we perform
a search for the isospin-violating decays χcJ → ΛΣ̄ 0 þ c:c:ðJ ¼ 0; 1; 2Þ and ηc → ΛΣ̄ 0 þ c:c. No
significant signal for χcJ or ηc is observed in the ΛΣ̄ 0 invariant mass distribution. The upper limits on
the branching fractions at the 90% confidence level are set to be Bðχc0 → ΛΣ̄ 0 þ c:c:Þ < 1.5 × 10−6,
Bðχc1 → ΛΣ̄ 0 þ c:c:Þ < 1.6 × 10−6, Bðχc2 → ΛΣ̄ 0 þ c:c:Þ < 1.7 × 10−6, and Bðηc → ΛΣ̄ 0 þ c:c:Þ <
6.2 × 10−5 for the first time.
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I. INTRODUCTION

Theoretically, SU(3) flavor symmetry plays an important
role in calculating the branching fractions of charmonium
decaying into baryon-antibaryon pairs [1–4]. A particularly
interesting case is the ψð2SÞ → ΛΣ̄ 0 decay, which was
initially reported with a large branching fraction [5,6],
suggesting either isospin violation or data reliability
issues [7]. However, subsequent precise measurements
by BESIII [8] resolved these discrepancies, conclusively
excluding the unexpected, significant isospin violation
effects [7].
The color octet mechanism (COM) [9] proposed nearly

three decades ago for P-wave heavy quarkonia decays has
been extensively applied to predict exclusive χcJ (J ¼ 0,
1, 2) decays to baryon-antibaryon pairs [2,10]. However,
the discrepancies between theoretical predictions and
the experimental results on the branching fractions of
χc0 → ΛΛ̄ and χc0 → Σ0Σ̄ 0 [11] indicate the violation of
the established helicity selection rule [12].
Recent theoretical work [13] has predicted χcJ → ΛΣ̄ 0

branching fractions within an SU(3) framework, considering
variants with and without symmetry-breaking and Λ-Σ0

mixing effects. Because of the lack of experimental con-
straints, these predictions carry uncertainties comparable to
their central values. Experimental studies of χcJ → ΛΣ̄ 0

decayswould therefore provide crucial constraints to improve
the precision of theoretical predictions. Meanwhile, it can

also deepen our understanding of the decay dynamics of the
χcJ states [10], test theoretical approaches based on SU(3)
flavor symmetry [13], and probe possible Λ-Σ0 mixing
effects [14].
In this work, using the world’s largest ψð3686Þ dataset of

2.7 billion events collected with the BESIII detector [15],
we present the first experimental searches for χcJ → ΛΣ̄ 0

decays. Meanwhile, we investigate the analogous ηc→ΛΣ̄0

decay for the first time. Charge-conjugate processes are
implicitly included throughout this paper unless otherwise
specified.

II. BESIII DETECTOR AND MONTE CARLO
SIMULATION

The BESIII detector records symmetric eþe− collisions
provided by the BEPCII storage ring, which operates with a
peak luminosity of 1.1 × 1033 cm−2 s−1 in the center-of-
mass energy range from 1.84 to 4.95 GeV [16]. A helium-
based multilayer drift chamber (MDC), a plastic scintillator
time-of-flight system (TOF), and a CsI (Tl) electromagnetic
calorimeter (EMC) make up the cylindrical core of the
BESIII detector, spanning 93% of the full solid angle. They
are mounted inside a superconducting solenoid magnet that
generates a 1.0 T magnetic field. The solenoid is held in
place by an octagonal magnetic flux return loop containing
steel structures and resistive plate muon identification
modules. The charged particle momentum resolution is
0.5% at 1 GeV=c, and the electron identification in Bhabha
scattering has a dE=dx resolution of 6%. The EMC
measures photon energies with a resolution of 2.5%
(5%) in the barrel (end-cap) region at 1 GeV. The TOF
barrel region has a time resolution of 68 ps, while the end-
cap region achieves 110 ps. The end-cap TOF system was
upgraded in 2015 with multigap resistive plate chamber
technology, improving the time resolution to 60 ps.
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This enhancement benefits 83% of the data used in this
analysis [17–19].
Monte Carlo (MC) simulations are used to estimate the

detection efficiency, optimize event selection criteria, and
study potential backgrounds. The simulation is generated
with a GEANT4-based [20] software package incorporating
material properties, geometric descriptions, detector
responses, and digitizedmodels. A 2.7 billion event inclusive
MC sample is used to investigate the background contribu-
tions. This sample includes the production of the ψð3686Þ
resonance, the initial state radiation production of the J=ψ ,
and the continuum processes incorporated in KKMC [21]. All
particle decays are modeled with EVTGEN [22] using branch-
ing fractions taken from the Particle Data Group (PDG) [23],
while LUNDCHARM [24] is used for the unknown decay
modes. Signal MC samples are generated to determine the
detection efficiency and optimize selection criteria. The
decays of ψð3686Þ → γχcJ are modeled using the P2GCJ

generator [25]. The decay of ψð3686Þ → γηc is modeled
using the JPE model [25]. The decays of χcJ → ΛΣ̄ 0,
ηc → ΛΣ̄ 0, Λ → pπ−, and Σ̄ 0 → γΛ̄ are generated uni-
formly in phase space (PHSP). Additionally, to estimate
the expected number of background events and their shapes,
the decays of χcJ → Σ0Σ̄ 0, χcJ → ΛΛ̄, and ψð3686Þ →
γΛΣ̄ 0 are generated using the PHSP model, while
ψð3686Þ → Σ0Σ̄ 0 is generated using the J2BB1 model [25].

III. EVENT SELECTION AND DATA ANALYSIS

The signal process ψð3686Þ→γ1χcJðηcÞ→γ1γ2pp̄πþπ−
requires the identification of four charged tracks with net
charge zero and at least two photons. Charged tracks,
reconstructed from MDC hits, are selected using geometric
criteria. The polar angle θ of each track relative to the beam
axis must satisfy jcos θj < 0.93, while the distance of
closest approach to the interaction point (IP) is required
to be within jVzj < 30 cm along the beam direction and
jVxyj < 10 cm in the transverse plane.
Proton-pion discrimination is achieved using momen-

tum-dependent particle identification criteria optimized for
each decay channel. For χcJ → ΛΣ̄ 0, charged tracks with
laboratory frame momentum measured by the MDC p >
0.60 GeV=c are identified as protons, and all others are
identified as pions. For ηc → ΛΣ̄ 0, the proton identification
threshold is lowered to p > 0.38 GeV=c.
Photon candidates are selected based on energy depo-

sition measured in the EMC, with Eγ > 25 MeV in the
barrel region (jcos θj < 0.80) or Eγ > 50 MeV in the end-
cap region (0.86 < jcos θj < 0.92). Cluster timing is
required to be within ½0; 700� ns relative to the event start
time to suppress electronic noise. To suppress showers
associated with charged particles, we require the opening
angle between the photon candidate and the nearest
charged track to exceed 10°; this requirement is tightened
to 20° when the nearest track is an antiproton.

The Λ ðΛ̄Þ candidate is reconstructed from any pπ−

ðp̄πþÞ combination that satisfies a successful secondary
vertex fit [26]. To improve the momentum and energy
resolution and reduce background contributions, a four-
constraint (4C) kinematic fit imposing energy-momentum
conservation is applied under the hypothesis of
ψð3686Þ → γγpp̄πþπ−. If there are more than two photons,
the γγ combination with minimum χ24C is kept for further
analysis. The fit quality is required to satisfy χ24C < 40.
The distributions of Mpπ− versus Mp̄πþ are shown in
Fig. 1(a), where clear Λ pairs are observed. To select the
Λ and Λ̄ candidates, the mass window requirements of
Mpπ−=p̄πþ ∈ ½1.110; 1.120� GeV=c2 are applied. The Σ̄ 0

candidates are reconstructed by combining each photon
with the Λ̄ candidate. The photon that minimizes
jMγΛ̄ −MPDG

Σ̄ 0 j is taken as γ2 from Σ̄ 0 decay, where
MPDG

Σ̄ 0 is the nominal mass [23], while the other is assigned
as γ1 decaying from ψð3686Þ directly. The scatter plot of
Mpπ− versus Mγ2Λ̄ is shown in Fig. 1(b), and clear
accumulation around Σ̄ 0 is seen. An additional mass
constraint of Mγ2Λ̄ ∈ ð1.178; 1.208Þ GeV=c2 is applied to
the chosen candidate.

A. Search for χ cJ → ΛΣ̄ 0

Candidates for χcJ → ΛΣ̄ 0 are reconstructed from the
combination of γ2pp̄πþπ−. After the event selection, the
same selection criteria are applied to an inclusive MC
sample of 2.7 billion ψð3686Þ events to investigate the
possible background contributions. The generic tool
TOPOANA [27] is used to study the remaining events.
The results indicate that the dominant backgrounds origi-
nate from ψð3686Þ → Σ0Σ̄ 0, χcJ → Σ0Σ̄ 0, χcJ → ΛΛ̄, and
ψð3686Þ → γΛΣ̄ 0. The distributions of Mγ1Λ versus Mγ2Λ̄
and the distribution of Mγ1Λ are shown in Fig. 2. An evident
clustering of events near 1.19 GeV=c2 is observed in this
distribution, which corresponds to the background of
ψð3686Þ → Σ0Σ̄ 0. To suppress this background, the invari-
ant mass of the γ1Λ system is required to lie outside the
window ð1.170; 1.210Þ GeV=c2.
In order to further reject the backgrounds of χcJ → ΛΛ̄

and χcJ → Σ0Σ̄ 0, the χ24C for the γγpp̄πþπ− (χ2γγ)
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FIG. 1. Distributions of Mpπ− versus Mp̄πþ (a) and Mpπ− versus
Mγ2Λ̄ (b) for data.
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hypothesis is required to be less than those for any of
the γpp̄πþπ− (χ2γ ) and γγγpp̄πþπ− (χ2γγγ) hypotheses:
χ2γγ < χ2γγγ and χ2γγ < χ2γ .
After the above selection criteria, the mass distributions

of ΛΣ̄ 0 are shown in Fig. 3 in the region of interest,
ð3.30; 3.66Þ GeV=c2. The mass distribution can be almost
described with backgrounds from ψð3686Þ → Σ0Σ̄ 0,
χcJ → Σ0Σ̄ 0, χcJ → ΛΛ̄, and ψð3686Þ → γΛΣ̄ 0. An
unbinned maximum likelihood fit is performed on the
ΛΣ̄ 0 and Λ̄Σ0 invariant mass distributions simultaneously.
The branching fraction BðχcJ → ΛΣ̄ 0Þ is calculated as

BðχcJ → ΛΣ̄ 0Þ ¼ A

�
NχcJ→ΛΣ̄ 0

sig

ϵχcJ→ΛΣ̄ 0 þ NχcJ→Λ̄Σ0

sig

ϵχcJ→Λ̄Σ0

�
; ð1Þ

where A is defined as 1=ðNtot × BinterÞ. Here, Ntot is the
total number of ψð3686Þ events in data, and Binter is the
product of the branching fractions Bðψð3686Þ → γχcJÞ×
BðΣ̄ 0 → γΛ̄Þ × BðΛ → pπ−Þ2. Note that NχcJ→ΛΣ̄ 0

sig and

NχcJ→Λ̄Σ0

sig are the signal yields of the two charge-conjugate

decay modes, while ϵχcJ→ΛΣ̄ 0

and ϵχcJ→Λ̄Σ0

are the corre-
sponding detection efficiencies, which are determined with
the dedicated MC samples. The χcJ signal, the background
from ψð3686Þ → Σ0Σ̄ 0, χcJ → Σ0Σ̄ 0, χcJ → ΛΛ̄, and the
PHSP shape from ψð3686Þ → γΛΣ̄ 0 are described with the
MC-simulated shapes. The contributions of ψð3686Þ →
Σ0Σ̄ 0, χcJ → Σ0Σ̄ 0, and χcJ → ΛΛ̄ are fixed to their yields,
which are calculated with the total number of ψð3686Þ
events in data [15], the branching fractions taken from the
PDG [23], and the reconstruction efficiencies derived from
dedicated MC simulations of background processes. The
statistical significance is calculated from the change in the
negative log-likelihood function,−2Δ lnL, between the fits
with and without the signal component, accounting for the
difference in the number of degrees of freedom. The
resulting significance is 0σ for χc0, 1.2σ for χc1, and
0.3σ for χc2.
A Bayesian approach [28] is employed to determine

the upper limits (ULs) of BðχcJ → ΛΣ̄ 0Þ at the 90% con-
fidence level (CL). The normalized likelihood, defined as
LðNÞ ¼ expð−½SðNÞ − Smin�Þ, is obtained from the fits,
where Smin is the minimum value of the negative log-
likelihood [29]. A series of fits are performed with the
branching fraction BðχcJ→ΛΣ̄0Þ fixed at values from 4 ×
10−8 to 8 × 10−6 in steps of 4 × 10−8. For each fixed
branching fraction, the corresponding likelihood value is
obtained. The ULs on the branching fractions at the 90%
CL are then determined by integrating the likelihood
distribution from zero to 90% of the total area in the
physical region (B ≥ 0). Additionally, to incorporate the
multiplicative systematic uncertainties into the UL calcu-
lation, the likelihood distribution is smeared by a Gaussian
function with a mean of zero and a width equal to the total

1.1 1.15 1.2 1.25 1.3

1.2

1.4

1.6

1.8
(a) (b)

1.15 1.2 1.25 1.30

5

10
Data

Inclusive MC

FIG. 2. (a) Distribution of Mγ1Λ versus Mγ2Λ̄ for data. (b) Mass
distribution of γ1Λ. The red, green, and yellow curves are from
MC simulations, the dots with error bars are data, and the blue
histogram is the inclusive MC sample.
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FIG. 3. Simultaneous fit to the mass distributions of ΛΣ̄ 0 and Λ̄Σ0 in the χcJ mass region. The dots with error bars are data, the pink
dotted lines are the background of χcJ → Σ0Σ̄ 0, the cyan dotted lines indicate the background of χcJ → ΛΛ̄, the blue dotted lines are the
background of ψð3686Þ → Σ0Σ̄ 0, the black dotted lines are the background of ψð3686Þ → γΛΣ̄ 0, and the red lines indicate the
signal shape.
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multiplicative uncertainty as in Eq. (2) [30],

L0ðBÞ ¼
Z

1

0

L

�
S

Ŝ
B
�
exp

�
−
ðS − ŜÞ2
2σ2S

�
dS; ð2Þ

where L0 is the smeared likelihood distribution, L repre-
sents the original likelihood distribution without systematic
uncertainties, S is the detection efficiency, Ŝ denotes the
nominal detection efficiency averaged over the charge-
conjugate processes, and σS is the multiplicative systematic
uncertainty (see Sec. IV for details).

B. Search for ηc → ΛΣ̄ 0

Similar to the χcJ selection, backgrounds from ηc → ΛΛ̄
and ηc → Σ0Σ̄ 0 are suppressed by requiring the χ2 from
the 4C kinematic fit under the γγpp̄πþπ− hypothesis to be
less than that under the γpp̄πþπ− and γγγpp̄πþπ− hypoth-
eses: i.e., χ2γγ < χ2γ and χ2γγ < χ2γγγ . After applying these
selection criteria, no evident ηc signal is observed in
the mass distributions of ΛΣ̄ 0 within the region
ð2.90; 3.10Þ GeV=c2, as shown in Fig. 4. An unbinned
maximum likelihood fit is performed on the ΛΣ̄ 0 and Λ̄Σ0

invariant mass distribution to set the UL on the branching
fraction at the 90% CL simultaneously. Similar to the
search for χcJ → ΛΣ̄ 0, the branching fraction Bðηc →
ΛΣ̄ 0Þ is calculated as

Bðηc → ΛΣ̄ 0Þ ¼ A0
�
Nηc→ΛΣ̄ 0

sig

ϵηc→ΛΣ̄ 0 þ Nηc→Λ̄Σ0

sig

ϵηc→Λ̄Σ0

�
: ð3Þ

Here, A0 ¼ 1=ðNtot × B0
interÞ, and the B0

inter represents
the product branching fraction Bðψð3686Þ → γηcÞ×
BðΣ̄ 0 → γΛ̄Þ × BðΛ → pπ−Þ2. Note that Nηc→ΛΣ̄ 0

sig and

Nηc→Λ̄Σ0

sig denote the signal yields of the two charge-

conjugate decay modes, and ϵηc→ΛΣ̄ 0

and ϵηc→Λ̄Σ0

denote

the corresponding detection efficiencies obtained from the
MC simulation. The possible ηc signal is described by a
MC-simulated shape. The smooth background is described
by a PHSP shape for ψð3686Þ → γΛΣ̄ 0, obtained from the
dedicated MC simulations. Following the same procedure
as for the χcJ → ΛΣ̄ 0 analysis, a Bayesian approach is
applied to set the UL on the branching fraction at the
90% CL. The branching fraction Bðηc → ΛΣ̄ 0Þ is fixed at
values from 1 × 10−6 to 2 × 10−4 in steps of 1 × 10−6. The
UL on the branching fraction is determined by integrating
the likelihood curve from zero to 90% of the area in the
physical region. The multiplicative systematic uncertainty
is also considered with Eq. (2).

IV. SYSTEMATIC UNCERTAINTY

Systematic uncertainties are classified into two catego-
ries: additive uncertainties, which affect the observed event
yield, and multiplicative uncertainties, which affect the
detection efficiencies. For a pair of charge-conjugate
processes, the larger of the two multiplicative uncertainties
from a given source is assigned as the systematic
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FIG. 4. Simultaneous fit for the mass distributions of ΛΣ̄ 0 and Λ̄Σ0 in the ηc mass region. The dots with error bars are data, the black
lines are the fitting result, the black dotted lines are the background of ψð3686Þ → γΛΣ̄ 0, and the red lines indicate the signal shape.

TABLE I. Summary of multiplicative systematic uncertainties
(in %) for the upper limit measurements.

Source χc0 χc1 χc2 ηc

Tracking, photon detection,
and ΛðΛ̄Þ construction

2.3 2.3 2.3 2.3

Kinematic fit 1.2 1.4 1.3 1.5
Quoted branching fractions 2.8 3.2 2.9 14.0
Ntot 0.5 0.5 0.5 0.5
MC model 1.6 2.5 2.7 1.1
Λ; Λ̄ mass window 0.6 0.6 0.6 0.6
Σ̄ 0 mass window 0.1 0.1 0.1 0.1
Veto ψð3686Þ → Σ0Σ̄ 0 0.1 0.1 0.1 � � �
Total 4.2 4.9 4.8 14.3
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uncertainty for the combined process. The multiplicative
uncertainties are summarized in Table I.
For both χcJ → ΛΣ̄ 0 and ηc → ΛΣ̄ 0 decays, the multi-

plicative systematic uncertainties mainly come from
tracking, photon detection, Λ (Λ̄) reconstruction, quoted
branching fractions, the total number of ψð3686Þ events,
the kinematic fit, the MC model, and the mass window. An
additional contribution from the veto of ψð3686Þ → Σ0Σ̄ 0

background is considered for the χcJ decays only. The
systematic uncertainties from tracking, photon detection,
and Λ (Λ̄) reconstruction are estimated together with a
control sample of ψð3686Þ → Σ0Σ̄ 0 due to the similarity in
kinematics and event selections, and quoted as 2.3% from
Ref. [31]. The systematic uncertainties on the quoted
branching fractions are taken from the PDG [23] values,
which are 2.8%, 3.2%, 2.9%, and 14.0% for χc0, χc1, χc2,
and ηc, respectively. The total number of ψð3686Þ events is

ð2712.4� 14.3Þ × 106 [15], corresponding to a relative
uncertainty of 0.5%. The uncertainty associated with the
kinematic fit is estimated by comparing the efficiencies
with and without the helix parameter correction [32]. The
resulting uncertainties are 1.2%, 1.4%, 1.3%, and 1.5% for
χc0, χc1, χc2, and ηc, respectively. To evaluate the uncer-
tainty from the MC model, an alternative MC sample with
CHIJBB1 and PBB1 [25] models is generated. The difference
in efficiencies between the nominal and alternative MC
models is taken as the uncertainty. A control sample of
ψð3686Þ → Σ0Σ̄ 0 is used to evaluate the systematic uncer-
tainties associated with the mass windows and the veto
requirements. The uncertainties are estimated by varying
the relevant mass windows by �2 MeV=c2, and the
resulting difference in the measured branching fraction is
assigned as the corresponding uncertainty. All multiplica-
tive systematic uncertainties are added in quadrature to
obtain the total multiplicative uncertainty.
The additive systematic uncertainties for both χcJ→ΛΣ̄0

and ηc → ΛΣ̄ 0 decays primarily arise from three sources:
(1) the signal parametrization, (2) the background model-
ing, and (3) the fit range. For both processes, the systematic
uncertainty from the signal parametrization is estimated by
replacing the nominal MC shape with a double-Gaussian
function, whose parameters are determined by fitting the
signal MC sample. The systematic uncertainties due to the
background modeling are assessed differently: For χcJ, they
are evaluated by varying the number of events of the
background processes ψð3686Þ → Σ0Σ̄ 0, χcJ → Σ0Σ̄ 0, and
χcJ → ΛΛ̄ by �1 standard deviation, while for ηc, they are
evaluated by replacing the PHSP background model with
a first-order polynomial function. The systematic uncer-
tainty associated with the fit range is evaluated by vary-
ing the fitted mass interval by �10 MeV=c2. The most
conservative UL result is considered as the final result.
After accounting for the additive uncertainties, Eq. (2) is

employed to incorporate the multiplicative uncertainties.
Figure 5 illustrates the normalized likelihood distributions,
and the ULs of the branching fractions are determined at the
90% CL.

0 2 4 6 8
-610N

or
m

al
iz

ed
 li

ke
lih

oo
d

0

0.5

1

0 2 4 6 8
-610N

or
m

al
iz

ed
 li

ke
lih

oo
d

0

0.5

1

0 2 4 6 8
-610N

or
m

al
iz

ed
 li

ke
lih

oo
d

0

0.5

1

0 0.05 0.1 0.15 0.2
-310N

or
m

al
iz

ed
 li

ke
lih

oo
d

0

0.5

1

FIG. 5. Normalized likelihood distributions before (black dots)
and after (red dots) considering the multiplication uncertainties
for χcJ → ΛΣ̄ 0 and ηc → ΛΣ̄ 0. The black dotted-dashed lines are
the initial curves, the red dotted-dashed lines are the results after
convolving with a Gaussian function for multiplication uncer-
tainties, and the red arrows indicate the ULs on the branching
fractions at the 90% CL.

TABLE II. ULs on the branching fractions of χcJ → ΛΣ̄ 0 from this work compared with theoretical predictions.
In Model I, the SU(3) flavor symmetry and breaking contributions are considered. In Model II, the SU(3) flavor
symmetry and breaking, as well as the Σ0 − Λ mixing, are all included, where the mixing angle is set as
α ¼ 0.015� 0.001. Model I0 (Model II0) is defined similarly to Model I (Model II), where the SU(3) breaking
contribution is limited at 20% of the leading SU(3) symmetric amplitude. The uncertainties are combined from both
statistical and systematic effects.

Model χc0 → ΛΣ̄ 0 χc1 → ΛΣ̄ 0 χc2 → ΛΣ̄ 0

I [13] ð0.37� 0.37Þ × 10−4 ð6.34� 6.34Þ × 10−5 ð3.65� 3.65Þ × 10−5

II [13] ð0.80� 0.80Þ × 10−4 ð11.84� 11.83Þ × 10−5 ð7.25� 7.25Þ × 10−5

I0 [13] ð0.13� 0.13Þ × 10−4 ð0.06� 0.06Þ × 10−5 ð0.12� 0.12Þ × 10−5

II0 [13] ð0.26� 0.26Þ × 10−4 ð0.18� 0.18Þ × 10−5 ð0.27� 0.27Þ × 10−5

This work <1.5 × 10−6 <1.6 × 10−6 <1.7 × 10−6
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V. SUMMARY

Based on a sample of ð2712.4� 14.3Þ × 106 ψð3686Þ
events collected with the BESIII detector, the ULs on the
BðχcJ → ΛΣ̄ 0Þ and Bðηc → ΛΣ̄ 0Þ at the 90% CL are set to
be 1.5 × 10−6, 1.6 × 10−6, 1.7 × 10−6, and 6.2 × 10−5 for
χc0, χc1, χc2, and ηc, respectively. These results are
consistent with expectations based on the helicity selection
rule for χc0 decays. Table II compares the ULs obtained in
this work with the theoretical predictions for the χcJ
branching fractions from Ref. [13]. Notably, most of
the predicted central values are significantly larger than
our measurements. This comparison highlights the need
for improved theoretical constraints on nonperturbative
quantum chromodynamics parameters governing isospin-
violating charmonium decays.
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