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A high-precision measurement of the branching fraction of the decay J=ψ → pp̄η is performed using
ð10 087� 44Þ × 106 J=ψ events recorded by the BESIII detector at the BEPCII storage ring. The branching
fractions of the two decays J=ψ → pp̄ηðη → γγÞ and J=ψ → pp̄ηðη → πþπ−π0Þ are measured individually
to be BðJ=ψ → pp̄ηðη → γγÞÞ ¼ ð1.480� 0.001� 0.024Þ × 10−3 and BðJ=ψ → pp̄ηðη → πþπ−π0ÞÞ ¼
ð1.557� 0.003� 0.038Þ × 10−3, where the first uncertainties are statistical and the second systematic. Both
results are compatible within their uncorrelated systematic uncertainties. The combined result is
BðJ=ψ → pp̄ηÞ ¼ ð1.495� 0.001� 0.023Þ × 10−3, where the first uncertainty is the combined statistical
uncertainty and the second one the combined systematic uncertainty of both analyses, incorporating
correlations between them. In addition, the pp̄ threshold region is investigated for a potential threshold
enhancement, and no evidence for one is observed.
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I. INTRODUCTION

The Standard Model of particle physics describes many
aspects in the field of subatomic physics with high precision.
However, in the nonperturbative regime of QCD, many
details are still not understood, and not all experimental
observations can be explained. In addition, accurate pre-
dictions for particle interactions, resonance spectra, and
decay processes are difficult to obtain due to the non-
Abelian character of the underlying theory. One example
is the spectrum of the N� states, the excited nucleon
resonances. There are many N� resonances predicted by
various theoretical models, e.g., the constituent quark model
[1] or Lattice QCD calculations [2]. However, only a few of
them have been experimentally confirmed so far. Many N*
resonances, listed in the review of the Particle Data Group
(PDG) [3], have been reported only by one experiment and
need confirmation. In many cases, the properties of the
reported resonances are not preciselymeasured yet. The huge
BESIII dataset allows high-precision studies of J=ψ decays,
e.g., the determination of branching fractions B and also the
study of the N� spectrum.
In recent years, several experimental results have been

published about an enhancement near the pp̄ threshold
in radiative charmonium decays J=ψ → γpp̄ and ψ 0 →
γpp̄ [4,5]. However, comparable hadronic decays like

J=ψ → Xpp̄, where X represents either ω, π, or η, have
not shown similar structures [6–9]. Other radiative
decays into light hadrons like J=ψ → γη0πþπ− and J=ψ →
γK0

SK
0
Sη also show structures near the pp̄ threshold

[10–12]. Different theoretical interpretations of these
structures have been proposed, such as a pp̄ bound state
with mass mX ≈ 1.85 GeV=c2 [13,14] or as a glueball,
which would explain the absence of these structures in
hadronic decays [15,16]. An overview is given in the
review [17]. Since data in the energy range close to the pp̄
threshold are sparse, these models are not well constrained
by data [18]. In addition to these explanations, other effects,
such as final-state interaction, might occur in the pp̄
system, which might contribute to enhancements near
the pp̄ threshold. Therefore, it is important to search for
threshold enhancements with higher statistics in the decays
J=ψ → pp̄η and J=ψ → pp̄π0 to better constrain the
models.
In this work, the branching fractions of the decay of

J=ψ → pp̄η with η → γγ or η → πþπ−π0 are measured
with greatly improved precision in comparison to the
previous measurements. Currently, the world average
listed by the PDG is dominated by the measurement taken
at BESII, which measured BðJ=ψ → pp̄ηÞ ¼ ð1.91�
0.02� 0.17Þ × 10−3 [19]. The present work improves
upon the BESII measurement with the much larger dataset
of BESIII; improved analysis techniques that result in
reduced systematic uncertainties; and, crucially, an
improved determination of the global reconstruction effi-
ciency. The precision is improved by more than a factor of
10. The large number of events in this final state also allows
the exploration of the threshold region.

*Full author list given at the end of the article.
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II. BESIII EXPERIMENT

The BESIII detector is a magnetic spectrometer [20]
located at the Beijing Electron Positron Collider (BEPCII)
[21]. The cylindrical core of the BESIII detector consists of
a helium-based multilayer drift chamber (MDC), a plastic
scintillator time-of-flight system (TOF), and a CsI(Tl)
electromagnetic calorimeter (EMC), which are all enclosed
in a superconducting solenoidal magnet providing a 1.0 T
magnetic field (0.9 T in 2012). The solenoid is supported
by an octagonal flux-return yoke with resistive plate
chamber muon-identifier modules interleaved with steel.
The acceptance for charged particles and photons is 93%
over the 4π solid angle. The charged-particle momentum
resolution at 1 GeV=c is 0.5%, and the specific energy loss
(dE=dx) resolution is 6% for electrons from Bhabha
scattering. The EMC measures photon energies with a
resolution of 2.5% (5%) at 1 GeV in the barrel (end cap)
region. The time resolution of the TOF barrel part is 68 ps,
while that in the end cap region was 110 ps. The end cap
TOF system was upgraded in 2015 with multigap resistive
plate chamber technology, providing a time resolution
of 60 ps, which benefits 87% of the data used in this
analysis [22,23].

III. DATASETS

In this analysis, the complete J=ψ dataset of ð10 087�
44Þ × 106 J=ψ events recorded by the BESIII experiment in
the years 2009, 2012, 2018, and 2019 is analyzed. The total
number of J=ψ events is determined using inclusive
hadronic J=ψ decays [24]. Additionally, the continuum
dataset at center of mass (CM) energy

ffiffiffi
s

p ¼ 3.080 GeV
with an overall luminosity of 168.6 pb−1 is analyzed to
estimate background contributions from QED processes,
beam-gas interactions, and cosmic rays. To understand the
reconstruction efficiency of the signal channel as well as
the relevant resolutions and limitations of the detector,
Monte Carlo (MC) simulations are used. The initial eþe−
collision, including initial-state radiation, and the gener-
ation of the J=ψ meson are simulated using KKMC [25].
The J=ψ decay and subsequent decays are simulated with
the event generator EVTGEN [26,27]. Interactions with the
detector material are simulated using GEANT4 [28].
Several MC samples are used in this analysis. Two

exclusive samples of 1 × 106 events were produced to
determine the reconstruction efficiencies of the signal
decays J=ψ → pp̄η, with the subsequent decays of either
η → γγ or η → πþπ−π0 with π0 → γγ. Since the distribu-
tions of the reconstructed data events deviate from pure
phase space (PHSP), these MC samples are generated using
a model obtained with an amplitude analysis, which will be
described in Sec. VI. The decay distribution of the η into
three pions follows the ETA DALITZ model [26] of
EVTGEN, which is adjusted to fit experimental data.

Additionally, an inclusive MC sample of 10 × 109 J=ψ
events is used to identify possible background contribu-
tions. This sample is generated to match the number of
BESIII J=ψ events and uses a combination of world
average Bs from the PDG [3] and effective models from
LUNDCHARM [29,30].

IV. EVENT SELECTION

The decay J=ψ → pp̄η is reconstructed using the dom-
inant η decays η → γγ and η → πþπ−π0, with the π0

subsequently decaying into γγ. Consequently, each event
is required to contain at least two photons and two charged
tracks in the decay J=ψ → pp̄η with η → γγ or four
charged tracks in the decay J=ψ → pp̄η with η → πþπ−π0.
Charged tracks are required to be reconstructed within

the acceptance of the MDC, satisfying j cos θj < 0.93, with
θ being the angle between the reconstructed track and the z
axis, which is the symmetry axis of the MDC. Additionally,
the distance of closest approach to the interaction point is
required to be jVxyj < 1 cm in the radial direction and
jVzj < 10 cm along the z axis. In the η → πþπ−π0 channel,
the particle identification (PID) system is used to distin-
guish protons and charged pions. This system combines
measurements of the energy deposited in the MDC (dE=dx)
and the flight time in the TOF to form likelihoods
LðhÞðh ¼ p;K; πÞ for each hadron h hypothesis. Protons
are identified by imposing the criterion LðpÞ > LðπÞ, while
charged pions are identified by requiring LðπÞ > LðpÞ.
Since no sizable kaon background channels could be
identified, no requirement on the kaon likelihood is used.
In the η → γγ channel, no PID requirement is applied to the
charged tracks, since using the kinematic fit already sup-
presses most of the background events.
The photons from η and π0 decays are required to have

an energy deposition of more than 25 MeV in the barrel
part of the EMC (j cos θj < 0.8) and more than 50 MeV in
the end caps of the EMC (0.86 < j cos θj < 0.92). The
angle Δα between the photon and nearest charged track
should be larger than 20° to exclude bremsstrahlung
photons or hadronic split-offs from charged tracks, and
especially antiproton interactions within the calorimeter.
Furthermore, it is required that the EMC shower is within
700 ns after the time of the collision. Combinations in
which both photons are detected in the end caps are also
rejected, since this improves the overall mass resolution of
the η and π0 candidates.
The selected photons are combined into η and π0

candidates, requiring the invariant mass Mγγ of the two
photons to lie within wide mass windows of 200 MeV ≤
Mγγ ≤ 900 MeV=c2 for η and 80 MeV=c2 ≤ Mγγ ≤
180 MeV=c2 for π0. In the η → πþπ−π0 decay channel,
the invariant mass of the three pions Mπþπ−π0 must be
within the range of 200MeV=c2≤Mπþπ−π0 ≤900MeV=c2.
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After the photon and track selection, a vertex fit is
performed to ensure a common point of origin of all
charged tracks. Next, a kinematic fit is performed con-
straining the initial 4-momentum of the J=ψ as well as the
mass of the π0 in the η → πþπ−π0 channel. The mass of the
η is unconstrained, because theMγγ=πþπ−π0 spectrum is used
to determine the number of signal events. If there are
multiple candidates per event, only the candidate with the
minimum χ2 value of the kinematic fit is selected. A very
loose requirement on the χ2 value is used to suppress
background events.

V. BACKGROUND STUDIES

To identify possible background contributions from
other J=ψ decays, the inclusive MC sample is used. The
same selection criteria as for the signal channel are applied
to identify the most relevant background channels surviv-
ing the event selection.
In the η → γγ decay channel, a wide variety of back-

ground contributions is found, with most channels only
contributing a few events each. The most prominent
background channels involve either an intermediate
charged or neutral Δ resonance, or a decay of J=ψ →
pp̄X with X being a light meson that decays further into a
number of photons. About 21% of background events
contain misidentified charged particles. All background
categories are distributed smoothly throughout the Mγγ

spectrum with no peaking behavior in the signal region.
The amount of background events remaining in the signal
region is about 4.3%.
In the η → πþπ−π0 decay channel, three major back-

ground sources are identified. The most abundant channel
is J=ψ → ΔX with X being a light baryon. The second
dominant background contribution is the direct production
of the final state, J=ψ → pp̄πþπ−π0. Both channels are
distributed smoothly throughout the Mπþπ−π0 spectrum. On
the other hand, the decay J=ψ → pp̄ωðω → πþπ−π0Þ has a
sharp peak at the ω mass, which is well separated from the
signal region. The events of the remaining channels (3.7%
of all background events) are distributed smoothly as well.
The amount of background events remaining in the signal
region is with about 33%, significantly higher than for the
η → γγ final state.
Background contributions from the same signal channel

but with other η decays are also studied. In the η → γγ decay
channel, two events from other η decays are found, which is
negligible. In the η → πþπ−π0 decay channel, a significant
peaking background contribution of the process J=ψ →
pp̄ηðη → πþπ−γÞ is found. The inclusive MC sample is
used to estimate the rate and distribution of these events
within the signal region. Based on the ratio of the Bs, about
1.51% of the reconstructed events are from this process.
An additional source of background events is the process

eþe− → γ� → pp̄η without a J=ψ as an intermediate state.

To determine the number of events from this source, the
continuum data sample taken at the CM energy

ffiffiffi
s

p ¼
3.080 GeV is analyzed. The same selection criteria as for
the signal process are applied, with the exception that the
4-momentum of the initial state in the kinematic fit is
adjusted. The number of background events in the signal
region is estimated to be N3080

QED ¼ 310� 18 in the η → γγ

channel and N3080
QED ¼ 49� 8 in the η → πþπ−π0 channel.

Scaling those numbers to the luminosity of the J=ψ dataset
yields a background contribution of Nη→γγ

QED ¼ 5454ð317Þ
events in the η → γγ channel and Nη→πþπ−π0

QED ¼ 826� 141

events in the η → πþπ−π0 channel. Since it is expected that
the differences in efficiency and cross section between the
two CM energies are much smaller than the statistical
uncertainty, these factors are neglected.

VI. EFFICIENCY DETERMINATION

The reconstruction efficiency describes the probability
that a signal event is reconstructed in the detector and
survives the whole selection chain. It depends heavily on
each event’s position in the available PHSP, being drasti-
cally lower in regions that contain one or more charged
particles with low momentum, dropping to nearly zero
in regions with pp ≤ 200 MeV=c. Moreover, if the dis-
tribution of events deviates from the simple PHSP distri-
bution, a simulation that accurately reproduces data is
required to determine the correct efficiency. For this
analysis, the framework COMPWA [31] is used. The physics
model is described by using the helicity formalism where
N� resonances as intermediate states are included. The fit of
the model to data is performed using events from the
η → γγ channel only, with the additional constraint on the η
mass, since this provides an almost background-free
sample. The amplitude structure is not expected to
differ between the two analyzed η decay channels, so
the model is used to generate a signal MC sample for both
channels.
Figure 1 shows the distributions of the invariant mass of

all three subsystems,Mpη,Mp̄η, andMpp̄, together with the
amplitude model and the PHSP distributed MC sample of
the three-body final state. For all distributions, the ampli-
tude model, which includes seven N� resonances as
intermediate states in the p̄η and pη subsystems, provides
a good description of the data. In particular, the double peak
structure close to threshold dominating the whole distri-
bution could be described well by a destructive interference
of two N� resonances, the Nð1535Þ and the Nð1650Þ. The
large deviation in the pp̄ subsystem is described by the
reflection caused by the N� resonances. The amplitude
model describes the density of the events in the available
phase space well, and thus the efficiency is determined
correctly.
The reconstruction efficiency is calculated with

ϵrec ¼ Nrec=Ngen, where Nrec represents the number of
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reconstructed events and Ngen denotes the number of
generated events. The reconstruction efficiency in the
η → γγ decay channel is determined to be ϵrec ¼
ð44.17� 0.04Þ%. In the η → πþπ−π0 decay channel,
the efficiency is ϵrec ¼ ð16.40� 0.04Þ%, which is con-
siderably lower due to the additional charged particles
from the η decay, which have comparatively low
momentum.

VII. BRANCHING FRACTION

The branching fraction B of the signal decay is calcu-
lated by

BðJ=ψ → pp̄ηÞ ¼ NSig

NJ=ψ
·
1

ϵrec
·

1
Q

iBi
;

where NSig is the number of signal events, NJ=ψ is the
number of J=ψ events, ϵrec is the reconstruction effi-
ciency, and

Q
i Bi is the product of the branching

fractions of the intermediate states, either Bðη → γγÞ
or Bðη → πþπ−π0Þ · Bðπ0 → γγÞ.
The number of signal events NSig is determined by

counting the number of η candidates in the signal region
of the Mγγ or Mπþπ−π0 distributions, after subtracting the
estimated number of background events (see Fig. 2).
In the η → γγ decay channel, the signal region is defined

as 492 MeV=c2 ≤ Mγγ ≤ 587 MeV=c2 [inside the green

FIG. 1. The Mpη, Mp̄η, and Mpp̄ distributions in the η → γγ
decay channel from data (blue dots). The orange histogram shows
the amplitude model, and the green histogram shows the
distribution of the PHSP distributed MC sample.

FIG. 2. Reconstructed Mγγ distribution of the η → γγ decay
channel (top) and reconstructed Mπþπ−π0 distribution of the η →
πþπ−π0 decay channel (bottom). The dashed black line describes
the background (BKG) model. The dot-dashed red lines mark the
boundaries of the sideband region, and the solid green lines mark
the boundaries of the signal region. The insets show the complete
distributions of the same data.
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lines in Fig. 2(a)]. The sideband regions are defined as
350 MeV=c2 ≤ Mγγ ≤ 462 MeV=c2 and 632 MeV=c2 ≤
Mγγ ≤ 700 MeV=c2 [outside the red dot-dashed lines in
Fig. 2(a)]. To estimate the number of background events,
the sideband regions of theMγγ distribution are fitted with a
third-order Chebyshev function to describe the background
shape, which is then interpolated to the signal region to
calculate the background yield in that region. The fit yields
ð11.20� 0.04Þ × 104 background events in the signal
region. Subtracting those as well as the expected 5454�
317 QED background events from the total number of
ð271.60� 0.16Þ × 104 events in the signal region gives the
yield of ð259.85� 0.117Þ × 104 signal events.
The fit procedure used in the η → πþπ−π0 decay

channel is similar. The total number of events in the
signal region [502 MeV=c2 ≤ Mπþπ−π0 ≤ 602 MeV=c2,
inside the green lines in Fig. 2(b)] is ð87.68�
0.09Þ × 104. A fourth-order Chebyshev function is
fitted to the background distribution of the sideband
regions [407 MeV=c2 ≤ Mπþπ−π0 ≤ 492 MeV=c2 and
622 MeV=c2 ≤ Mπþπ−π0 ≤ 725 MeV=c2, outside the red
dot-dashed lines in Fig. 2(b)], which yields ð28.37�
0.04Þ × 104 background events in the signal region.
After subtracting the yield of the background polynomial,
the 826� 141 QED background events, and the estimated
number of ð0.90� 0.02Þ × 104η → πþπ−γ events, the sig-
nal yield is ð58.33� 0.10Þ × 104 events.
With the numbers of signal events, the branching

fractions are

BðJ=ψ → pp̄ηðη → γγÞÞ ¼ ð1.480� 0.001Þ × 10−3;

BðJ=ψ → pp̄ηðη → πþπ−π0ÞÞ ¼ ð1.557� 0.003Þ × 10−3:

The uncertainty reflects the statistical uncertainty from the
number of signal events only. Table I shows the complete
list of all relevant parameters.

VIII. STUDY OF THRESHOLD
ENHANCEMENT

As shown in Fig. 1, the dynamics in the decay
channel is dominated by processes like J=ψ → p̄N�×
ðN� → pηÞ þ c:c:, with strong contributions of N�
resonances with relatively low mass. These contributions
would be considered as background contributions for
the study of a possible threshold enhancement in the pp̄
system. Therefore, the kinematic regions of M2ðpηÞ ≥
3.6 GeV2=c4 and M2ðp̄ηÞ ≥ 3.6 GeV2=c4 are chosen for
this study because they do not show any obvious
resonance contributions. Additionally, only events that
satisfy jMγγ −mηj ≤ 20 MeV=c2 are considered to
reduce background contributions to a level of 1.8%.
The impact of these requirements on the one-dimen-
sional distribution of the invariant mass Mp̄p is sub-
stantial. Therefore, the ratio between the efficiency-
corrected data distribution and the generated distri-
bution of the PHSP MC dataset is shown in Fig. 3
as a function of the mass difference ΔM from the
threshold. The ratio should be equal to 1 if no
contribution from threshold enhancement or N� reso-
nances is present. In the low ΔM ¼ Mpp̄ − 2mp region,
a ratio of greater than 1 would be expected in the
presence of a threshold enhancement. In fact, the
opposite behavior is observed, with the ratio between
data and MC simulation being smaller than 1 in the
vicinity of the threshold. This suggests either the
absence of a threshold enhancement in the pp̄ system,
consistent with the previous results [6], or a complex
interplay of the N� and pp̄ amplitudes.

TABLE I. The parameters used for the calculation of the
branching fraction B measurements.

Parameter Value

NJ=ψ [24] ð10 087� 44Þ × 106

Bðη → γγÞ [3] ð39.36� 0.18Þ%
Bðη → πþπ−π0Þ [3] ð23.02� 0.25Þ%
Bðπ0 → γγÞ [3] ð98.823� 0.0334Þ%
NSigðη → γγÞ ð259.85� 0.17Þ × 104

ϵrec ð44.17� 0.04Þ%
NSigðη → πþπ−π0Þ ð58.33� 0.10Þ × 104

ϵrec ð16.40� 0.04Þ%

FIG. 3. Ratio between efficiency corrected J=ψ → pp̄η
data events Ndata and with PHSP model generated MC events
NPHSP vs the mass difference to the production threshold
ΔM ¼ Mpp̄ − 2mp. Ratio of 1.0 is indicated by the red line.
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IX. SYSTEMATIC UNCERTAINTY ESTIMATION

In the following, the different sources of the systematic
uncertainties are described.
The systematic uncertainty of the track reconstruc-

tion efficiency is determined using a weighting method,
which takes into account the dependence on the transverse
momentum and the cos θ of the tracks, when estimating the
difference between data and MC simulation. The weights
are obtained by studying the decay J=ψ → πþπ−pp̄, which
closely resembles the signal decay. The weighting is
performed individually for every charged particle type,
resulting in a total systematic uncertainty of 0.49% in the
η → γγ decay channel. In the η → πþπ−π0 decay channel,
the uncertainty for the protons is 0.47%, and the uncertainty
for the pions is 0.78%.
The difference in the reconstruction efficiency of pho-

tons between data and MC simulation is studied with the
decay channel J=ψ → γμþμ−. The resulting systematic
uncertainty is 0.5% per photon, or a total uncertainty of 1%.
The systematic uncertainty of the efficiency related to the

particle identification in the channel with the η → πþπ−π0
decay is determined also by using the weighting method
and the channel J=ψ → πþπ−pp̄. In this case, the depend-
ence on the momentum and the cos θ of the tracks is taken
into account in estimating the difference between data and
MC simulation. The weighting is performed individually
for every charged particle type, resulting in a total sys-
tematic uncertainty of 1.02%. In the η → γγ decay channel,
no particle identification is used, and therefore no uncer-
tainty is assigned.
The systematic uncertainty introduced by the veto on

photon candidates, that are detectedwithin a 20° cone around
a charged track (Δα), is estimated by varying the requirement
by �3°, which corresponds to taking into account the
measurement of one less or one additional calorimeter crystal
at low cos θ. The uncertainty is estimated to be 0.08% and
0.07% for the two channels, respectively.
The systematic uncertainty introduced by the require-

ment on the χ2 value of the kinematic fit is estimated
varying the requirement by�10% and assigning the largest
difference in B as the systematic uncertainty. It is estimated
to be 0.11% and 0.17% for the two channels, respectively.
The statistical uncertainty of the reconstruction effi-

ciency is treated as the systematic uncertainty for the
branching fraction, with 0.09% in the η → γγ channel
and 0.25% in the η → πþπ−π0 channel.
To estimate the systematic effects introduced by the choice

of the boundaries of the signal and sideband ranges, each
boundary is individually variedwithin�10%. The exception
to this is the lower boundary of the sideband range in the
channel with the η → πþπ−π0 decay, since it is already
placed at the edge of the available phase space, so it is only
varied upward. The largest difference in B for each category
is assigned as the systematic uncertainty.All uncertainties are
checked to see if they are already covered by statistical

fluctuations by using theBarlow test [32].Using thismethod,
the following uncertainties are assigned of 0.01% (0.02%)
for the lower bound of the signal range: 0.01% (0.04%) for
the upper bound of the signal range, 0.03% (0.17%) for the
width of the background window, 0.08% (0.54%) for the
lower bound of the whole fit range, and 0.11% (0.37%) for
the upper bound of the whole fit range, in the η → γγ ðη →
πþπ−π0Þ channel.
The shape of the background model is varied by

changing the order of the polynomial function describing
the background shape by plus/minus one order. The largest
difference to the nominal value is taken as the uncertainty,
which is 0.92% and 0.38% for the η → γγ and the η →
πþπ−π0 channels, respectively.
The systematic uncertainty for the continuum back-

ground is calculated by Gaussian error propagation using
the uncertainty of NQED

3080, which contributes an uncertainty
of 0.01% in both channels.
The systematic uncertainty introduced by the determi-

nation of the amplitude model is estimated by varying the
parameters of the model within the range taken from the
covariance matrix. For 1000 different sets of parameters,
the efficiency is determined, which results in a distribution
of efficiency values. The standard deviation of this dis-
tribution is taken as the systematic uncertainty, which is
0.05% for the η → γγ channel and 0.06% for the η →
πþπ−π0 channel.
For the external parameters such as the total number of

J=ψ events and the branching fractions of the intermediate

TABLE II. Systematic uncertainties by source and the total
systematic uncertainties. Uncertainties marked with (*) are
considered correlated between the two channels.

Source η → γγ η → πþπ−π0

pp̄ tracks (*) 0.49 0.47
πþπ− tracks … 0.78
Photons (*) 1.00 1.00
PID … 1.02

Δα (*) 0.08 0.07
Kinematic fit 0.11 0.17
Efficiency 0.09 0.25
Signal range min 0.01 0.02
Signal range max 0.01 0.04
Background window 0.03 0.17
Fit range min 0.08 0.54
Fit range max 0.11 0.37
Background model 0.92 0.38
QED background 0.01 0.01
Amplitude model 0.05 0.06

NJ=ψ (*) 0.43 0.43
Bη 0.51 1.22
Bπ0 … 0.03

Total 1.61 2.45
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particles, Gaussian error propagation is used. For NJ=ψ , this
results in a systematic uncertainty of 0.43% [24]; for
Bðη → γγÞ, it results in 0.51%; forBðη → πþπ−π0Þ, it results
in 1.22%; and for Bðπ0 → γγÞ, it results in 0.03% [3].
The total systematic uncertainties, which are listed in

Table II, are calculated by summing all individual uncer-
tainties in quadrature. The resulting relative systematic
uncertainty is 1.61% for the η → γγ decay channel and
2.45% for the η → πþπ−π0 decay channel, which results in
the absolute systematic uncertainties of 0.024 × 10−3 and
0.038 × 10−3, respectively. Separating the correlated and
uncorrelated systematic uncertainties, 0.018 × 10−3 corre-
sponds in both cases to the correlated uncertainties.
The two measurements are combined taking into

account the correlated and uncorrelated contributions to
the systematic uncertainties of both channels [33]. The
combined B is

BðJ=ψ → pp̄ηÞ ¼ ð1.495� 0.001� 0.023Þ × 10−3:

The first uncertainty is the combined statistical uncertainty,
and the second is the combined systematic uncertainty of
both analyses.

X. CONCLUSIONS

This paper describes the most precise measurement to
date of the branching fraction of the decay J=ψ → pp̄η,
using the BESIII dataset of ð10 087� 44Þ × 106 J=ψ
events. Two different η final states, η → γγ and
η → πþπ−π0, are used for this analysis. The single branch-
ing fractions are determined to be

BðJ=ψ → pp̄ηðη → γγÞÞ
¼ ð1.480� 0.001� 0.018� 0.016Þ × 10−3;

BðJ=ψ → pp̄ηðη → πþπ−π0ÞÞ
¼ ð1.557� 0.003� 0.018� 0.034Þ × 10−3;

where the first uncertainty is statistical and the second and
third correspond to the correlated and uncorrelated sys-
tematic uncertainties, respectively. The difference between
the two measurements is about 2.2σ, taking into account all
uncorrelated uncertainties. Therefore, the measurements
agree within their uncertainties. A small difference between
the branching fractions of these two decays was already
observed before by BESII, but the other way around [19].
The combined branching fraction is

BðJ=ψ → pp̄ηÞ ¼ ð1.495� 0.001� 0.023Þ × 10−3;

where the first uncertainty is the combined statistical
uncertainty and the second one is the combined systematic
uncertainty of both analyses. Correlations between both are

taken into account. The combined result differs from the
previous world average by 4.1σ. Former experiments used a
pure three-body PHSP model for the determination of the
global reconstruction efficiency. For this analysis, an
amplitude analysis is performed to obtain better data/MC
consistency. This causes part of the observed difference
with the old experiments. The largest deviation from the
pure three-body PHSP distribution was found to be caused
by the destructive interference of the Nð1535Þ and the
Nð1650Þ resonances.
In addition, the pp̄ threshold region is studied. No

evidence for any threshold enhancement in this channel is
observed.
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