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Abstract Using the 1.32 pb−1 statistics collected at the
J/ψ peak with the KEDR detector at the VEPP-4M
e+e− collider, we measured the branching fractions of J/ψ
meson decays to the final states 2(π+π−)π0, K+K−π+π−
π0, 2(π+π−) and K+K−π+π−. The results obtained for
the decays J/ψ →2(π+π−)π0, J/ψ → K+K−π+π−π0

contradict the measurements performed by other groups in
the last century, but agree well with recent results of BABAR
and BESIII collaborations.

1 Introduction

Among the known hadronic decays of the J/ψ meson, the
decay J/ψ →2(π+π−)π0 has, according to the PDG data
[1], the largest branching fraction, B(J/ψ →2(π+π−)π0)

= (3.73±0.32)%. There are several measurements of the
probability of this decay, performed in the 70s-80s of the
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last century by groups MARKI ((4 ± 1)% [2]), PLUTO
((3.64 ± 0.52)% [3]), MARKII ((3.17 ± 0.42)% [4]) and
DM2 ((3.25 ± 0.49)% [5]). In 2007 the BABAR collab-
oration, using the initial-state radiation, had measured the
product �(J/ψ → e+e−) · B(J/ψ → 2(π+π−)π0), hav-
ing obtained the value 303 ± 5 ± 18eV [6,7]. Dividing this
value by �(J/ψ → e+e−) = 5.53 ± 0.10 keV [1], we
get from this result B(J/ψ → 2(π+π−)π0) = (5.48 ±
0.35)%, which is noticeably higher than values reported by
groups [2–5]. In 2019 the BESIII collaboration performed a
new measurement of this probability and obtained the value
(4.73± 0.44)% [8], which agrees with the BABAR result,
but poorly agrees with earlier measurements [3–5]. Recently,
when studying the reaction e+e− → 2(π+π−)π0π0π0, the
BABAR collaboration obtained for this branching fraction
the result B(J/ψ → 2(π+π−)π0) = (3.47± 0.61± 0.52)%
[9]. This result is consistent with the PDG value [1], but has a
worse accuracy compared to the previous measurement [6,7]
and contradicts it.

In the same experiment [6,7] the BABAR collaboration
also measured the product �(J/ψ → e+e−)· B(K+K−π+
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π−π0), having received the result 107± 4.3± 6.4eV. Using
this value, for the decay J/ψ → K+K−π+π−π0 one can
obtain the branching fraction B(J/ψ → K+K−π+π−π0)

= (1.93± 0.14)%, which is in poor agreement with the PDG
value B(J/ψ → K+K−π+π−π0) = (1.20± 0.30)%,
based on a single measurement of this value, performed in
1977 by the MARKI group [10].

Thus, there is a clear contradiction between the results
of measurements of these branching fractions, performed
by various groups, which indicates the necessity for new
measurements of these quantities. In this paper we present
the results of measurements of the branching fractions
B(J/ψ → 2(π+π−)π0) and B(J/ψ → K+K−π+π−π0),
performed with the KEDR detector. We also measured
branching fractions of the J/ψ →2(π+π−), J/ψ →
K+K−π+π− decays and several J/ψ decays proceeding
through intermediate hadronic resonances to the final states
with four or five mesons.

2 KEDR data and event selection

The experiment was performed at the KEDR detector [11] of
the VEPP-4M collider [12]. The analysis is based on data
samples of (1.32± 0.07) pb−1collected at the J/ψ peak,
which corresponds to about 5.1 million J/ψ decays, as well
as (82± 4) nb−1 collected at the energy lower than the J/ψ
peak by 10MeV for estimation non-resonant backgrounds.
The luminosity is measured using single Bremsstrahlung
online and small-angle Bhabha scattering offline.

At the first stage, the multihadron decays of the J/ψ
meson were selected. The following criteria suppressing
backgrounds from cosmic rays, beam–gas interactions and
Bhabha events, were applied: total energy in the barrel liq-
uid krypton (LKr) and endcap CsI calorimeters is greater
than 0.8GeV; at least four clusters with energies greater than
30MeV in the calorimeters are reconstructed; at least one
central track in the drift chamber (DC) is reconstructed.

At the second step candidates for the J/ψ → Xi decays
were selected, where Xi is 2(π+π−)π0, K+K−π+π−π0,
2(π+π−) or K+K−π+π− final state (hereinafter also
denoted as 5π , 2K3π , 4π and 2K2π respectively). For this it
was required that for a given decay channel the correspond-
ing number of final π±, K± and π0 be registered, while
an arbitrary number of additional photons was allowed. The
central tracks in the DC were identified as π± or K± for
the track momentum P<0.6 GeV using the barrel part of the
time-of-flight system of scintillation counters (ToF), and for
P>0.6 GeV using a system of Cherenkov counters (ATC). A
cluster in LKr or CsI calorimeter with energy Ecl >50MeV
was considered a photon if it was not associated with recon-
structed tracks in drift chamber. For each photon in the event,
all possible combinations with other photons were enumer-

ated. A combination of two photons with a mass closer to the
mass of π0 than double the mass resolution was considered
as a π0 candidate. Of the π0 candidates for a given photon,
the combination with the mass closest to the π0 mass was
considered to have originated from the decay of π0.

For the selected candidate events, a 4C or 5C kinematic
fit was made, assuming that the J /ψ → Xi decay occurred.
Constraints on the total energy, the components of the total
momentum of the final particles and the mass of π0, if is
present in the final state, were imposed. An event was con-
sidered to be a signal if the condition χ2 < χ2

CUT for χ2 of
kinematic fit was satisfied, where χ2

CUT was taken equal to
50 for the decays J/ψ →5π , J/ψ →2K3π , and equal to
40 for the J/ψ →4π and J/ψ →2K2π decays.

To determine the detection efficiency for signal events, the
KEDRSIM simulation package, based on the GEANT3 code
[13], was used, wherein the J/ψ → Xi decays were modeled
with a generator based on the helicity formalism [14,15]. To
estimate the contribution of background events, we used the
LundCharm generator [16], based on the JETSET code [17]
and adapted for charmonium decays. A final state radiation
was taken into account with the help of the PHOTOS package
[18].

3 Data analysis and estimation of systematic
uncertainties

The branching fractions of the J/ψ → Xi decays were deter-
mined with the formula

Bi = Bmh
N peak
i − Ncont

i · L/Lcont

N peak
mh − Ncont

mh · L/Lcont

εMC
mh

εMC
i

RMC
i

Rexp
i

, (1)

where Bi is the branching fraction of J/ψ → Xi decay,
Bmh=(87.7 ± 0.5)% [1] is the branching fraction of J/ψ
multihadron decays. N peak

i is the number of selected Xi

signal events at the J/ψ peak after subtracting the back-
ground from decays other than J/ψ → Xi , Ncont

i is the

number of selected Xi signal events out of peak. N peak
mh and

L are the number of selected multihadron events and the inte-
grated luminosity at the J/ψ peak, Ncont

mh and Lcont are the
same off-peak quantities, respectively. In the formula εMC

mh =
0.938 and εMC

i are the Monte Carlo (MC) estimated detec-
tion efficiencies for J/ψ multihadron decays and decays
J/ψ → Xi . R

exp
i and RMC

i are the fractions of signal events
in candidate events for J/ψ → Xi decays, for experimental
data and MC simulation, respectively.

Figure 1 shows the χ2 distributions of the kinematic fits
for the selected events at the J/ψ peak, as well as the distri-
butions for the selected events outside the resonance, scaled
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by the ratio of the integrated luminosities at the peak and
in the continuum. The experimental data were fitted using
linear combinations of the distributions of signal and back-
ground decays of J/ψ obtained in the simulation, herewith
the normalization factors for the distributions were consid-
ered as free parameters. The fitting range was chosen large
enough so that, at large values of χ2, the contribution of
signal events was much smaller compared to background
events. Thus, the background value was actually determined
from the “tail” of the distribution. It can be seen from the
figure that, at small values of χ2, the distributions in the
simulation and experiment are agree worse. For that rea-
son, the number of signal events N peak

i was determined not
from the fit, but was calculated as the difference between
the number of selected experimental events and the number
of background events determined from the fit and satisfy-
ing the condition χ2 < χ2

CUT . However, due to the dif-
ference in χ2 distributions, the fractions of signal events in
the total number of selected J /ψ → Xi decays can differ
for experimental data and modeling, which leads to differ-
ent efficiencies for signal events. To take these differences
into account, corrections were introduced into formula (1) by
means of Rexp

i /RMC
i factors, which for decays J/ψ →5π ,

J/ψ →2K3π , J/ψ →4π and J/ψ →2K2π equal
0.983±0.010, 1.046±0.041,1.008±0.036 and 1.033±0.030
correspondingly, where the given errors are mainly deter-
mined by the statistical errors of the experimental data.

Among the selected multihadron decays of J/ψ , there is
a noticeable fraction of background events. Of these, about
40% are Bhabha events, approximately 10% are beam-gas
interactions, about 50% are cosmic events, and there is also
a small fraction (≈0.5%) of non-resonant continuum events.
The fraction of these background events is estimated from the
number of selected multihadron decays Ncont

mh = 32.3 · 103

for off-resonance data, taking into account the difference in
integrated luminosities at the J/ψ peak and in the continuum,
and is about 11%. In formula (1), these background events are
subtracted from the number of selected multihadron decays
N peak
mh = 4.62 · 106. The systematic error associated with

such a subtraction is mainly determined by the luminos-
ity measurement accuracy and does not exceed 1.6%. For
Bhabha-scattering events, it is also necessary to take into
account the possible interference with J/ψ → e+e− decays
when subtracting. However, because the data were collected
at the maximum of the J/ψ production cross section, these
interference effects are suppressed and can be neglected. Esti-
mation of the contribution of cosmic events to N peak

mh , strictly
speaking, must be done in accordance with the time of col-
lecting statistics. However, peak and continuum statistics,
as a rule, were collected under the same conditions (initial
beam currents, luminosities, data collection time per run),
and the ratio of data acquisition times at the peak and in
the continuum coincides with the L/Lcont ratio with a good

accuracy (≈4%). When selecting 5π , 2K3π , 4π , and 2K2π

events for data out of resonance, due to more stringent selec-
tion conditions, the continuum events are mainly selected.
Their numbers are small, systematic errors arising from their
subtraction in formula (1) are mainly determined by possi-
ble interference between the amplitudes of J/ψ decays and
continuum processes. They are evaluated below when con-
sidering the effects of interference.

The numbers of selected signal events N peak
i and Ncont

i ,
the detection efficiencies εi with systematic uncertainties, the
measured branching fractions Bi of the J/ψ → Xi decays,
as well as the PDG values for these quantities are shown in
Table 1. The first of the given errors for the measured branch-
ing fraction is statistical and the second is systematic. The
details of determining the efficiencies εi and their errors are
given below. Estimates of systematic errors for the measured
decay rates J/ψ → Xi are shown in Table 2.

Systematic error due to possible difference in track regis-
tration efficiency for data and modeling was estimated as
follows. The track registration efficiency was determined
using J/ψ →2(π+π−)π0 decays. For selected multihadron
events with three or four charged pions, one neutral pion
and arbitrary number of additional photons, the distributions
over square of the recoil mass of 3ππ0 system for data and
simulation were considered (for 4ππ0 events, four possi-
ble combinations were taken). For each range of polar angle
and absolute value of the recoil momentum the experimental
distributions were fitted using linear combinations of MC
histograms for the J/ψ →2(π+π−)π0 decays and other
J/ψ decays considered as background. Then, after subtract-
ing the backgrounds from the 4ππ0 and 3ππ0 distributions,
the numbers N4 and N3 were determined when track from
the J/ψ →2(π+π−)π0 decay was reconstructed or not,
respectively. Track registration efficiency was calculated as
ε
exp
tr = N4/(N4 + N3), and in the range of track polar angles

60◦-120◦ and track momenta from 0.8 to 1.5 GeV/c it is
about 96%. In the same way, track registration efficiency
εMC
tr was determined for the J/ψ →2(π+π−)π0 decays

in simulation. Then, when selecting events to determine the
detection efficiency of J/ψ → Xi decays, some fraction
of selected events in the simulation was discarded in order
to obtain equal track efficiencies εMC

tr and ε
exp
tr . The correc-

tions to the measured branching fractions of the J/ψ →4π

and J/ψ →2K2π decays due to this were 6.2% and 10.5%,
respectively. The residual difference between the εMC

tr and
ε
exp
tr efficiencies after that for all ranges of the track momenta

does not exceed 0.9%, which gives for the measured J/ψ
decays branching fractions an upper estimate of 3.6% for the
systematic uncertainty associated with the track detection
efficiency, as shown in Table 2.

The π0 registration efficiency was determined in a simi-
lar way, also using the J/ψ →2(π+π−)π0 decays. In the
multihadron decays of J/ψ the events 2(π+π−)π0 as well
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Fig. 1 Distributions of χ2 from kinematic fits for 2(π+π−)π0,
K+K−π+π−π0, 2(π+π−) andK+K−π+π− selected candidate events.
Black dots are experimental data collected at the J/ψ peak, red squares
are data collected in the continuum and normalized as described in the

text. The black lines represent the results of fits using linear combina-
tions of MC distributions for signal (blue hatched areas) and background
(magenta hatched areas) decays of the J/ψ

Table 1 Numbers of selected signal events N peak
i and Ncont

i , detection
efficiencies εi , measured branching fractions Biof J/ψ → Xi decays
and PDG data for these quantities. The given errors for detection effi-

ciencies εi are systematic, the first of the given errors for the measured
branching fraction is statistical and the second one is systematic

hadrons 2(π+π−)π0 K+K−π+π−π0 2(π+π−) K+K−π+π−

N peak
i 4.62 × 106 22995 2616 2654 2671

Ncont
i 32.3 × 103 4 0 8 2

εi , % 93.8 8.31 ± 0.32 3.05 ± 0.10 17.7 ± 0.19 7.42 ± 0.40

Bi , % – 5.44 ± 0.07 ± 0.33 1.74 ± 0.08 ± 0.24 0.288 ± 0.014 ± 0.024 0.704 ± 0.026 ± 0.092

Bi , % [1] 87.7 ± 0.5 3.73 ± 0.32 1.20 ± 0.30 0.357 ± 0.030 0.686 ± 0.028

as 2(π+π−) with an arbitrary number of additional pho-
tons were selected. It was also required that the condition
Emis>0.4GeV be satisfied, where Emis = Mψ -�Ek , Mψ

is the J/ψ mass, and the sum is taken over the energies of
charged pions. The condition for Emis was imposed to sup-
press the background from the J/ψ →2(π+π−) decays.
For selected 2(π+π−)π0 and 2(π+π−) events, the distribu-
tions of the squared recoil mass of 2(π+π−) system were
considered. The experimental data were fitted using linear
combinations of MC histograms for the J/ψ →2(π+π−)π0

decay and other J/ψ decays considered as background. In
each range of the absolute value and polar angle of the recoil
momentum of the 2(π+π−) system, the background events

were subtracted and in this way the number N5 of the recon-
structed π0 in the J/ψ →2(π+π−)π0 decays was deter-
mined from the selected 2(π+π−)π0 events, and the num-
ber N4 of the π0 that were not reconstructed was determined
from 2(π+π−) events. In the same way N5 and N4 were
determined in the simulation. The π0 registration efficiency
was calculated as επ0 = N5/(N5 + N4), and for the experi-
mental data it varies from 30 to 63%, depending on the angle
and momentum of π0. Later, when selecting events in a mod-
eling for the determination of the detection efficiency in the
J/ψ → Xi decays, some of the selected events were dis-
carded to make επ0 equal for data and simulation. The resid-
ual difference between the π0 registration efficiencies for
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Table 2 Summary of systematic uncertainties (in %) for the measured branching fractions of the decays J/ψ → 2(π+π−)π0, J/ψ →
K+K−π+π−π0, J/ψ → 2(π+π−) and J/ψ → K+K−π+π−

Source 2(π+π−)π0 K+K−π+π−π0 2(π+π−) K+K−π+π−

χ2 distributions of the kinematic fits 1.0 3.9 3.6 2.9

Track registration efficiency 3.6 3.6 3.6 3.6

π0 registration efficiency 1.5 1.5 – –

Fake π0 1.9 1.5 2.8 < 1

π → K misidentification 2.1 1.1 2.1 1.1

K → π misidentification – 11.5 – 10.3

Fitting procedure < 1 2.6 4.0 2.9

Threshold on χ2 of the kinematic fit < 1 < 1 < 1 < 1

Trigger + selection cuts < 1 < 1 < 1 < 1

Nonresonant background subtraction 1.6 1.6 1.6 1.6

Interference with the continuum 1.9 < 1 3.3 1.5

Angular and momentum distributions of final particles

Helicity amplitudes of decay modes 1.6 1.9 1.1 2.2

Branching fractions of decay modes 2.0 2.9 < 1 4.9

Interference between decay mode amplitudes < 1 < 1 < 1 < 1

Total 6.1 13.7 8.3 13.1

data and simulation was estimated and does not exceed 1.5%
for all ranges of π0angle and momentum.

With the above described selection criteria for signal
events, there is a certain probability of appearing additional
fake π0 in the event, which leads to the registration of the
J/ψ → Xi event as a background one. To assess the pos-
sible systematic error for the detection efficiency of signal
events associated with this, for each J/ψ decay under study
the probabilities of the presence of two additional photons for
the selected signal events were compared for experimental
data and modeling. Then, when simulating the J/ψ → Xi

decays, the fractions of events with an additional registered
fake π0 for these channels were determined. Using these
data, estimates were obtained for this systematic uncertainty,
which are shown in Table 2.

The systematic error associated with the possible misiden-
tification of charged pions as kaons was determined from
the decays J/ψ → π+π−π0. For this, the experimental
multihadron decays of J/ψ with two central tracks and one
π0 were selected. For them, the values of χ2 of the kine-
matic fit were determined under two hypotheses, assuming
that the decay J/ψ → π+π−π0 or J/ψ → K+K−π0

took place, respectively. Then the events with the value of
χ2 under the first hypothesis less then half of the value
under the second hypothesis were considered to originate
from the J/ψ → π+π−π0 decays. For them, in different
ranges of track momenta, the fractions of tracks identified
by the ToF or ATC systems as K± were determined, from
which the probabilities of misidentification Pπ→K were cal-
culated. A small correction of 1–3% was made for possible

admixture of tracks originated from true K± in the selected
events, which was estimated using simulation. The proba-
bility Pπ→K determined in this way varies within 3–20%,
depending on the momentum of the track. Later, when iden-
tifying tracks in the J/ψ → Xi decays in the simulation,
a correction was made in such a way as to reproduce the
experimental probability Pπ→K . The systematic error asso-
ciated with this correction when measuring the branching
fractions of the J/ψ decays under study depends on accu-
racy of Pπ→K determination. It is small and does not exceed
2.1% for 5π and 4π decays, and 1.1% for 2K3π , 2K2π

decays, respectively.
The probability PK→π of misidentification of charged

kaons as pions was determined from the experimental data,
by decays ϕ → K+K−. For this, the multihadron decays of
J/ψ with two or four central tracks and zero total tracks
charge were selected. It was also required that the event
contains at least one pair of tracks identified as K+K−,
K+π− or K−π+. For these pairs, for different ranges of
momenta of tracks in a pair, the pair mass distributions were
considered under the assumption that both tracks were pro-
duced by kaons. The distributions clearly show the peaks
from the ϕ → K+K− decays, from which the numbers
NKK and NKπ of selected ϕ → K+K− decays were
determined for the KK and Kπ distributions, respectively.
Then the kaon misidentification probability was calculated as
PK→π = NKπ /(NKK+NKπ ). In the range of track momenta
of 0.3–0.6 GeV/c, when kaon identification is made by the
ToF system, it is equal 0.35–0.55. For track momenta in the
range 0.6–1.0 GeV/c, with identification by the ATC system,
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the probability of misidentification turns out to be equal 0.1–
0.2. When identifying kaons in J/ψ → Xi decays in the
simulation, a correction was made to reproduce the PK→π

probability obtained in the same way as for the data. The
systematic errors associated with such a correction when
determining the J/ψ → Xi branching fractions for the final
states 2K3π and 2K2π were calculated taking into account
the angular and momentum distributions of the final particles
in these decays. These errors are estimated to be 11.5% and
10.3%, respectively.

To estimate the systematic errors associated with the fit-
ting procedure for the χ2 distributions in Fig. 1, the fit ranges
and bin widths of histograms varied. The resulting changes
for the measured branching fractions of J/ψ → Xi decays
are given in Table 2. A twofold increase or decrease in
the χ2 threshold of the kinematic reconstruction for signal
events gives a systematic error of less than 1%. It should also
be noted that formula (1) for the decay branching fraction
includes the ratio of the detection efficiencies of the decays
under study and multihadron decays of J/ψ . As a result,
the systematic errors associated with trigger requirements
and multihadron events selection conditions are significantly
reduced and also, according to estimates, do not exceed 1%.

The J/ψ decays under study can proceed through various
intermediate states. In order to correctly determine the event
detection efficiency for each decay channel, it is important
to correctly specify the angular and momentum distributions
of the final particles for all possible decay modes, as well as
their relative probabilities in the simulation. For this, a gen-
erator based on the helicity formalism was used in the sim-
ulation. In the generator, the J/ψ decay for each mode was
considered as proceeding through quasi-two-particle states.
If intermediate state corresponds to some known resonance,
then the dependence of helicity amplitude on the state mass
was set as a Breit-Wigner one, with the values of the reso-
nance parameters taken from the PDG. If this state does not
have a resonance character, then the mass dependence was set
as a constant. With such a choice of setting the amplitudes,
they are defined up to arbitrary complex constants, and when
determining the detection efficiency, a systematic error arises
associated with the choice of specific values of the moduli
and phases of these constants, which are usually unknown.
To estimate this error, for each decay mode several dozen sets
of constants were randomly generated and the detection effi-
ciency was determined for each of them. Then the obtained
mean efficiencies for modes were averaged over modes of
the J/ψ → Xi decay and the root-mean-square spread of
the obtained mode-averaged efficiencies was considered as
an estimate of the systematic error for this decay channel.

In Fig. 2 for each J/ψ → Xi decay channel under study,
the obtained mean detection efficiencies of the modes of this
decay, which were modeled, are shown. The systematic errors
associated with the uncertainties of the helicity amplitudes

are given as errors for the efficiencies. The mode-averaged
detection efficiency < ε > for each decay channel is also
given. It was calculated as < ε > = Σεa Ba/ΣBa , where εa
is the detection efficiency for mode a and Ba is the branch-
ing fraction for this mode. The mode-averaged detection effi-
ciency for theXi channel was then used in formula (1) as the
detection efficiency εi . The figure also shows the detection
efficiencies determined by simulations using uniform phase
space distributions for final particles (denoted as PS) as well
as simulations with the LundCharm generator.

The branching ratios Ba for modes are known only for a
small number of J/ψ decays. Therefore, to determine them,
we considered the mass distributions for all combinations of
final particles in a given J/ψ decay channel. The Ba val-
ues, considered as free parameters, were determined from
the joint fit of these MC distributions to the experimental
distributions. This method of determining the Ba values also
leads to some systematic error for efficiency < ε > , since
these mass distributions in modeling depend, in general, on
the set of helicity amplitudes used. In addition, for a given
channel, there may be additional decay modes that were not
taken into account in the simulation. To estimate this sys-
tematic uncertainty, many sets of branching ratios B(k)

a were
generated in such a way that for each mode a the quanti-
ties log2(B

(k)
a /B f it

a ), where B f it
a is the branching ratio for

mode a, obtained in the joint fit, obey the Gaussian dis-
tribution with mean 0 and standard deviation 1. For each
set obtained, the mode-averaged detection efficiencies in the
J/ψ → Xi decay channel were determined. The root-mean-
square spread of the obtained averaged efficiencies was con-
sidered as an estimate of the systematic error associated with
uncertainties in Ba values for a given channel of decay. Sys-
tematic errors associated with the uncertainties of the helicity
amplitudes, as well as branching ratios of decay modes, are
given in Table 2.

The average detection efficiencies for the J/ψ → Xi

decays given in Table 1 were obtained under the assump-
tion that there is no interference between the amplitudes of
the decay modes. To estimate the systematic error associated
with possible interference, an additional simulation was per-
formed in which all decay modes for a given channel were
generated simultaneously. In this case, the amplitude of the
decay in the generator was set equal to the sum of the ampli-
tudes of the modes, and the partial widths for the modes were
set in accordance with the relative probabilities determined
as described above. Several dozen sets of helicity amplitudes
were generated, for each of them the detection efficiency was
determined, and then the obtained efficiencies were averaged.
Two possibilities were considered: in one case, the phases of
the helicity amplitudes, like their moduli, were set randomly,
and in another case, the relative phases were taken to be
zero. For both cases, the difference in the average detection
efficiency compared with the average detection efficiency
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Fig. 2 Detection efficiencies
for different modes of J/ψ
decays into the final states
2(π+π−)π0, K+K−π+π−π0,
2(π+π−) and K+K−π+π−π0.
Error bars show the systematic
uncertainties associated with the
uncertainties in the helicity
amplitudes. < ε > denotes the
mode-averaged detection
efficiency for a given final state.
Also shown are the detection
efficiencies determined from
simulations using the uniform
phase space distributions for
final particles (denoted as PS)
and from simulations using the
LundCharm generator

obtained without taking into account the interference does
not exceed 1%, i.e. the effects of interference between the
amplitudes of the decay modes in determining the branching
fractions of the decays under study can be neglected.

When subtracting the events of nonresonant background
in formula (1), it is also necessary to estimate the mag-
nitude of possible interference between amplitudes of the
J/ψ → Xi decay under study and nonresonant e+e− → Xi

processes. The values of these contributions can change
noticeable depending on what are the phases of the indi-
vidual decay modes relative to the continuum process phase,
as well as on the ratios of their partial widths to each other.
Recently, the BES collaboration measured [8] relative phase
between the strong and electromagnetic amplitudes of the
decay J/ψ →2(π+π−)π0, assuming 100% interference
between them. The found relative phase turned out to be close
to ±90◦, which may indicate that the phases of the amplitudes
of individual decay modes relative to the phase of the con-
tinuum are the same. Taking this circumstance into account,
the estimates of the systematic error associated with possible
interference with the continuum were made in our work under
the assumption of the maximum possible interference. To do
this, first, using formulas from work [19], we calculated the
cross sections for the processes e+e− → J/ψ →hadrons

and e+e− → J/ψ → Xi , while the center-of-mass energy
spread was set equal to σW =0.7 MeV, and the interfer-
ence with the continuum was not taken into account. Then,
from the numbers of signal events (Table 1) at the J/ψ
peak and for off-resonance data, the ratios of the cross sec-
tions at the peak and in the continuum for the processes
e+e− →hadrons and e+e− → Xi were estimated. For the
e+e− →hadrons process, the cross section in the contin-
uum was evaluated from the e+e− → μ+μ− cross section
[8], for the e+e− →2(π+π−)π0 process, the cross sec-
tion was also taken from this paper. After that, for each
J/ψ → Xi decay, the maximum possible change in the
cross section at the J/ψ peak was calculated taking into
account the interference between J/ψ and the contin-
uum, for what the relative phase of the interference was set
equal to ϕ = 90◦. For 2(π+π−) channel interference was
not taken into account, since, due to non-conservation of G-
parity in this channel, the decay J/ψ →2(π+π−) can only
proceed through a photon. The results of calculations are
shown in Table 3. Shown are the cross sections for the pro-
cesses e+e− → J/ψ →hadrons, e+e− → J/ψ → Xi at
the J/ψ-meson peak energy, the ratios of the cross sections
in the continuum and at the J/ψ peak, as well as the max-
imum possible change in the cross section at the J/ψ peak
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Fig. 3 Masses of π+π−π0 and π+π−π± in selected signal events
of J/ψ →2(π+π−)π0 decays (all combinations per event are shown).
Close circles are experimental data, black solid lines are the sums of MC
histograms for the corresponding decays through resonances (hatched
histograms) and backgrounds (dashed lines), open circles are the data
after subtracting of backgrounds

when taking into account the interference. The systematic
uncertainties for the branching fractions of the J/ψ → Xi

decays under study, associated with possible interference
with the continuum, shown in Table 2, were obtained under
the assumption of correlated variations for the numbers of
selected signal events of J/ψ →hadrons and J/ψ → Xi

decays.

4 J/ψ decays involving intermediate resonance

Considering the mass distributions of systems of final par-
ticles for signal events of J/ψ → Xi decays, we also esti-
mated the branching fractions of some J/ψ decays involving
intermediate resonances. Figures 3, 4 and 5 show such mass
distributions, which were used to determine branching frac-
tions of decays through a2, ρ, ω, K* and K2* mesons. The
distributions were fitted using linear combinations of the MC
distributions for the events of the corresponding decays and
backgrounds, specified as polynomials.
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Fig. 4 Masses of π+π−π0 and π±π0 in selected signal events of
J/ψ → K+K−π+π−π0 decays. Close circles are experimental data,
black solid lines are the sums of MC histograms for the correspond-
ing decays through resonances (hatched histograms) and backgrounds
(dashed lines), open circles are the data after subtracting of backgrounds

Fig. 5 Masses of K+π− and K−π+ in selected signal events of
J/ψ → K+K−π+π− decays. Close circles are experimental data,
black solid lines are the sums of MC histograms for the correspond-
ing decays through resonances (hatched histograms) and backgrounds
(dashed lines), open circles are the data after subtracting of backgrounds

The branching fraction BR of decay through resonance R
was calculated using the formula

BR = Bi
N peak
R

N peak
i

εMC
i

εMC
R

, (2)

where Bi is the previously measured branching fraction of
the J/ψ → Xi decay, N peak

R is the number of selected sig-
nal events for decays through the resonance, determined from

the fit, εMC
R is the detection efficiency for decay through res-

onance, determined from simulation.
Table 4 shows the results for measured branching ratios of

J/ψ decays involving intermediate resonances. The detec-
tion efficiencies for the corresponding decays, the numbers
of signal events, the measured branching fractions, as well
as the results of measurements performed by other groups,
are given. The efficiencies εMC

R were determined similarly
to the detection efficiencies for decay modes, as weighted
averages over the detection efficiencies of modes contribut-
ing to a given decay. In the table, for εMC

R the systematic error

of determination is shown, for N peak
R and BR the first of the

given errors is statistical, the second is systematic.
To estimate the systematic uncertainties for N peak

R , we var-
ied the ranges of fits of the distributions in Figs. 3, 4 and 5,
histogram bin widths and the orders of the background poly-
nomials. Also, estimates were made of the systematic uncer-
tainty associated with possible interference of the amplitude
of decay through an intermediate resonance with the ampli-
tudes of decays through other resonances with the same spin
and parity. For this, in addition to the decay modes, shown in
Fig. 2, the decays through a2(1700), ρ(1450), and K2*(1980)
resonances were also modeled. The obtained branching frac-
tions of decays through resonances were compared for two
cases, with and without interference. The interference effects
were taken into account in the same way as described above
when determining systematic errors for the J/ψ → Xi

decays probabilities. The total systematic uncertainty for BR

was calculated taking into account the systematic errors for
the corresponding J/ψ → Xi decay channel, determined
earlier and shown in Table 2, the error for N peak

R , and the
uncertainties associated with interference.

Using the measured branching fraction of the decay
J/ψ → ωπ+π− →2(π+π−)π0 and the PDG value of
branching fraction for the decay ω → π+π−π0, which
is (89.2±0.7)% [1], we have obtained the value of the
branching fraction of the decay J/ψ → ωπ+π−, given
in Table 4, which is in good agreement with the BABAR
result [6,7]. Calculated in a similar way, our value for the
J/ψ → ωK+K− decay probability turns out to be notice-
ably higher than the values obtained by the DM2 [20] and
BABAR [6,7] groups. In the same way, taking the value 2/3
for the probability of the K*(892)0 → K+π− decay, the
branching fraction for the J/ψ → K*(892)0K−π+ + c.c.
decay is obtained, given in Table 4, which is in agreement
with the PDG value, but has nearly twice the accuracy.
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