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Using ð2712.4� 14.3Þ × 106ψð3686Þ events collected by the BESIII detector operating at the BEPCII

collider, we present the first observations of the decays χcJðJ ¼ 0; 1; 2Þ → pp̄ηπ0. Their decay branching

fractions are determined to be Bðχc0 → pp̄ηπ0Þ ¼ ð2.42� 0.07� 0.19Þ × 10−4, Bðχc1 → pp̄ηπ0Þ ¼
ð1.95� 0.05� 0.12Þ × 10−4, and Bðχc2 → pp̄ηπ0Þ ¼ ð1.33� 0.05� 0.08Þ × 10−4, where the first un-

certainties are statistical and the second systematic.
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I. INTRODUCTION

In the quark model, the χcJðJ ¼ 0; 1; 2Þ mesons are

identified as n2Sþ1LJ ¼ 13PJ charmonium states. Due to

the principle of parity conservation, their direct production

in eþe− collisions is suppressed and occurs only through

a two-photon exchange process, which results in their

low production rates in eþe− annihilation. By contrast, the

radiative decays of ψð3686Þ into χcJ have branching

fractions (BFs) of about 9% [1] and could provide a sizable

yield of χcJ states. The BESIII Collaboration has collected

about 2.7 billion ψð3686Þ events since 2008 [2], thereby

providing an excellent opportunity to investigate the χcJ
properties with the large amounts of the χcJ mesons

produced in the ψð3686Þ radiative decays. So far, the

sum of all measured BFs of the χcJ decays are each still far

less than 1. Intensive studies of their multibody decays are

lacking relative to the few-body decays, particularly for

those multibody decays that contains baryon pair. A search

for new decay modes is useful in understanding the

properties of χcJ. Furthermore, the χcJ mesons have

different quantum numbers from J=ψ and ψð3686Þ, so

the decays may contain additional information on the

potential intermediate baryon and meson states, and also

the mass threshold behavior of baryon pair in the multibody

system compared to that of the J=ψ and ψð3686Þ decays.
In this paper, we investigate the multibody decays χcJ →

pp̄ηπ0 via the transition process ψð3686Þ → γχcJ with

ð2712.4� 14.3Þ × 106ψð3686Þ events [2]. Additionally,

the potential pp̄ threshold enhancement, and the possible

intermediate states are searched in the ηπ0, pηðp̄ηÞ, and
pπ0ðp̄π0Þ mass spectrum.

II. BESIII DETECTOR AND MONTE CARLO

SIMULATION

The BESIII detector [3] records eþe− collisions provided

by the BEPCII collider [4]. The cylindrical core of

the BESIII detector covers 93% of the full solid angle

and consists of a helium-based multilayer drift chamber

(MDC), a 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. The solenoid is supported by an octagonal

flux-return yoke with resistive plate muon identification

modules interleaved with steel. The charged-particle

momentum resolution at 1 GeV=c is 0.5%, and the

dE=dx resolution is 6% for the electrons from Bhabha

scattering. 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 plastic scintillator TOF

barrel region is 68 ps, while that in the end cap region was

110 ps. The end cap TOF system was upgraded in 2015

using multigap resistive plate chamber technology, provid-

ing a time resolution of 60 ps, which benefits ∼83% of the

data used in this analysis [5–7].

Monte Carlo (MC) simulated data samples produced

with a GEANT4-based [8] software package, which includes

the geometric description [9] of the BESIII detector and the

detector response, are used to determine detection efficien-

cies and to estimate backgrounds. The simulation models

the beam energy spread and initial-state radiation in the

eþe− annihilation with the generator KKMC [10,11].

The inclusive MC sample includes the production of the

ψð3686Þ resonance, the ISR production of the J=ψ , and
the continuum processes incorporated in KKMC. Particle

decays are generated by EVTGEN [12,13] for the known

decay modes with BFs taken from the particle data group
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(PDG) [1] and by LUNDCHARM [14,15] for the unknown

ones. Final-state radiation from charged final-state particles

is included using the PHOTOS package [16].

The signal is simulated with the E1 transition

ψð3686Þ→ γχcJ, where the polar angle θ of the radiative

photon in the eþe− center-of-mass frame is distributed

according to ð1þ λ cos2 θÞ. For J ¼ 0, 1, and 2, λ is set to

1, − 1

3
, and 1

13
, respectively [17,18]. The decays χcJ →

pp̄ηπ0, η → γγ and π0 → γγ are generated with the events

evenly distributed in the phase space.

III. EVENT SELECTION

In this analysis, both η and π0 candidates are recon-

structed by γγ final states. Therefore, the total final state

is 5γpp̄.
Charged tracks detected in the MDC are required to be

within a polar angle (θ) range of j cos θj < 0.93, where θ is

defined with respect to the z-axis, which is the symmetry

axis of the MDC. The distance of closest approach to the

interaction point (IP) must be less than 10 cm along the

z-axis, jVzj, and less than 1 cm in the transverse plane,

jVxyj. The event candidates must have two good charged

tracks with opposite charges. Particle identification (PID)

for charged tracks 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. The tracks are identified as protons

when the proton hypothesis has the greatest likelihood

[LðpÞ > LðKÞ and LðpÞ > LðπÞ]. Finally, the events

containing one proton and one antiproton are retained.

Photon candidates are identified using isolated showers

in the EMC. The deposited energy of each shower must be

greater than 25 MeV in the barrel region (j cos θj < 0.80)

and more than 50 MeV in the end cap regions (0.86 <
j cos 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 number of photon candidates is required to

be at least five in an event.

In order to suppress backgrounds and improve the mass

resolution, a six-constraint (6C) kinematic fit is performed

with the ψð3686Þ → γpp̄ηπ0 hypothesis by constraining

the total four-momentum of the final state particles to that

of the colliding beams, and the extra 2C is used to

constraint the invariant masses of the photon pairs to the

η and π0 nominal masses [1], respectively. If the 6C

kinematic fit converges for more than one combination

of the photons, the one with the least χ2
6C is chosen.

Furthermore, the selection χ2
6C < 20 is applied, by opti-

mizing a figure of merit defined as S=
ffiffiffiffiffiffiffiffiffiffiffiffi

Sþ B
p

, where S
denotes the number of signal events obtained from the

MC simulation that scaled by the following normalized

formula, Nnormalized ¼ ϵχc0 · N
Data
ψð3686Þ · Bðψð3686Þ → γχc0Þ·

Bðη → γγÞ · Bðπ0 → γγÞ · Bðχc0 → pp̄ηπ0Þ, where the

χc0 → p̄pηπ0 is the measured branching fraction in this

analysis, while B is the number of background events

obtained from the inclusive MC sample. Moreover, in

order to suppress the backgrounds with four or six

photons, a 4C kinematic fit is performed for both signal

and background channels by looping all photon combi-

nations according to the different numbers of photons

hypothesis. The one with the least χ2 is kept for each

channel. Then, we require

χ2
4Cð5γpp̄Þ < χ2

4Cð4γpp̄Þ; ð1Þ

χ2
4Cð5γpp̄Þ < χ2

4Cð6γpp̄Þ: ð2Þ

To suppress backgrounds of χcJ → ðγγÞpp̄ηηðπ0π0Þ, we
also require

χ2
6Cðγpp̄ηπ0Þ < χ2

6Cðγpp̄ηηÞ; ð3Þ

χ2
6Cðγpp̄ηπ0Þ < χ2

6Cðpp̄ηηÞ; ð4Þ

χ2
6Cðγpp̄ηπ0Þ < χ2

6Cðγpp̄π0π0Þ; ð5Þ

χ2
6Cðγpp̄ηπ0Þ < χ2

6Cðpp̄π0π0Þ; ð6Þ

χ2
6Cðγpp̄ηπ0Þ < χ2

6Cðγγpp̄π0π0Þ: ð7Þ

After the aforementioned selection criteria, it is found

that a large background component comes from the J=ψ -
related channel, as shown in Table I. They are suppressed

by requiring the η recoil mass (RM) and the invariant

mass of pp̄η to be outside the J=ψ mass windows. i.e.,

RMðηÞ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ðECM − EηÞ2 − ðPηÞ2
q

. Here, ECM is center-of-

mass energy for ψð3686Þ, Eη and Pη is the energy

and momentum of η and obtained after 4-C kinematic

fit. The optimized mass windows are determined to be

jRMη −mJ=ψ j > 7.2 MeV=c2, and jMpp̄η −mJ=ψ j >
21.3 MeV=c2, where mJ=ψ is the J=ψ nominal mass [1].

The remaining background from the process χcJ →

pp̄π0π0 is suppressed by requiring the Mγγ to be outside

the π0 mass window. We checked the invariant mass

spectrum of all γγ combinations for the five candidate

TABLE I. J=ψ related background and its possible intermedi-

ate state processes.

Mode

ψð3686Þ → ηJ=ψ
ψð3686Þ → γχcJ; χcJ → γJ=ψ ; J=ψ → pp̄η

ψð3686Þ → π0π0J=ψ ; J=ψ → pp̄η
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photons in ranking with their energies and found four of

them form the π0 signals. The requirements, jM
γπ

0

1
γ
η

1

−mπ0 j>
14.1MeV=c2, jM

γπ
0

1
γ
η

2

−mπ0 j>15MeV=c2, jMγ
η

1
γE −mπ0 j>

21.3MeV=c2, and jMγ
η

2
γE −mπ0 j > 19.5MeV=c2, are per-

formed to remove the pp̄π0π0 backgrounds, where the γE

represents radiative photon.

The other remaining potential backgrounds are inves-

tigated with the inclusive ψð3686Þ MC samples, using

the event-type analysis tool TopoAna [19]. It is found that

there are several main background channels with

the contributions larger than 1% as in Table II. The

efficiencies are obtained using the large exclusive MC

samples, and the normalized numbers of background

events are calculated by the following formula,

Nnormalized ¼ ϵbkg · N
Data
ψð3686Þ · BrðbkgÞ, where the BrðbkgÞ

are the BFs of these different background processes in

PDG [1]. The contributions of these backgrounds will be

taken into account in the fit to extract the signal yields later.

The continuum background is investigated using the data

samples collected at center-of-mass energy of 3.65 GeV

with an integrated luminosity of 454 pb−1 [20]. There are

five events passing the selection criteria, so the contribution

from the continuum process is neglected.

Figure 1 shows the Mðpp̄ηπ0Þ distribution with the

survived events in data, and clear χcJ signals are seen. The

χc0, χc1, and χc2 signal regions are defined as [3.38, 3.45],

[3.49, 3.53], and ½3.54; 3.58� GeV=c2, respectively.

IV. SIGNAL YIELDS

To determine signal yields, an unbinned maximum

likelihood fit is performed on Mðpp̄ηπ0Þ distribution

with the accepted candidates in data. The χcJ signals

described as

PDFsignal ¼ ðE3
γ × BWðMÞ × fdðEγÞÞ ⊗ Gðm; σÞ: ð8Þ

Here, PDF is probability density function. And Eγ ¼
ðm2

ψð3686Þ −m2Þ=2mψð3686Þ is the energy of the E1 transition

photon, where mψð3686Þ is the ψð3686Þ nominal mass [1].

BWðMÞ¼1=ððM−mχcJ
Þ2þ0.25Γ2χcJÞ is the Breit-Wigner

function, where mχcJ
and ΓχcJ are the χcJ mass and width,

respectively, and fixed to the values in the PDG [1]. The

function fdðEγÞ is used to damp the diverging tail caused

by the E3
γ term and is given by ðE2

0
=ðEγE0 þ ðEγ − E0Þ2ÞÞ,

as introduced by the KEDR experiment [21], where E0 ¼
ðm2

ψð3686Þ −m2
χcJ
Þ=2mψð3686Þ denotes the peaking energy

of the transition photon. Gðm; σÞ is a Gaussian function

accounting for the difference in detector resolution between

data and MC simulation, where m denotes the mean and σ

denotes standard deviation. These two parameters are free

for all χcJ signals fitting. The smooth background is

described with a second-order Chebychev polynomial.

The χcJ-related backgrounds are described by the

MC-simulated shapes, and the number of background

events are fixed to the values listed in Table II. Figure 1

shows the fitting result. The fit goodness is calculated to be

χ2=n:d:f. = 145.7=138. The obtained signal yields are

summarized in Table III.

The potential intermediate states are investigated in the

pp̄, ηπ0, pη=p̄η and pπ0=p̄π0 invariant mass spectra as

shown in Figs. 2–4. The hints of the scalar meson a0ð980Þ

TABLE II. The estimated numbers of the peaking background

events, N2, and their efficiencies.

Mode Efficiency (%) N2

χc1 → γJ=ψ ; J=ψ → ηpp̄ 0.08 53.9� 7.0

χc2 → γJ=ψ ; J=ψ → ηpp̄ 0.05 20.1� 2.7

χc0 → π0π0pp̄ 0.01 36� 11

χc2 → π0π0pp̄ 0.01 14.1� 4.7

χc1 → γJ=ψ ; J=ψ → ωpp̄ 0.70 51� 11

χc2 → γJ=ψ ; J=ψ → ωpp̄ 0.49 19.4� 4.2
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FIG. 1. The fit to the Mðpp̄ηπ0Þ distribution from data, where

the points with error bars denote the data, the blue line denote the

total fit, the red dashed line denote the signal shape, the purple

line denote the smooth background, and the green dashed line

denote the χcJ-related background.

TABLE III. The signal yields Nobs
χcJ

, detection efficiencies, and

BðχcJ → pp̄ηπ0Þ, where the first uncertainties are statistical and
the second systematic.

Nobs
χcJ

ϵðχcJ → pp̄ηπ0Þ
(%)

BðχcJ → pp̄ηπ0Þ
(×10−4)

χc0 1897.8� 55.7 7.62� 0.2 2.42� 0.07� 0.19

χc1 1694.6� 46.7 8.44� 0.2 1.95� 0.05� 0.12

χc2 1058.9� 37.2 8.04� 0.2 1.33� 0.05� 0.08
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and the excited baryon Nð1535Þ can be seen. But no

significant pp̄ threshold enhancement is observed. The

numbers of a0ð980Þ and Nð1535Þ are obtained via one or

two-dimensional mass spectrum fits, respectively. The one-

dimensional fit to M(ηπ0) is performed to determine the

proportions of a0ð980Þ, while the two-dimensional fits to

M(pπ0) vs M(p̄η) and M(p̄π0) vs M(pη) are performed to

determine the proportions of N(1535). Here, the propor-

tions of χcJ → pp̄a0ð980Þ are approximately 10%, 10%

and 10% in the χcJ signal regions, the proportions of χcJ →

Nð1535Þp̄π0 þ c:c: are approximately 30%, 30% and 30%

and χcJ → Nð1535Þp̄ηþ c:c: are approximately 30%, 40%

and 30%. These fractions are used to generated the

mixed MC.

]2c) [GeV/pM(p

1.8 1.9 2 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8

]
2
c

E
v
en

ts
 /

 [
4
0
 M

eV
/

0

100

200

Data

Inclusive MC

Inclusive+Mixed MC

]2c) [GeV/0��M(

0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6

]
2
c

E
v
en

ts
 /

 [
4
0
 M

eV
/

0

100

200

300 Data

Inclusive MC

Inclusive+Mixed MC

]2
c) [GeV/�pM(

1.4 1.5 1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 2.4

2
c

E
v
en

ts
/ 

4
0
 M

eV
/

0

100

200

Data

Inclusive MC

Inclusive+Mixed MC

]2
c) [GeV/�M(p

1.4 1.5 1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 2.4

2
c

E
v
en

ts
/ 

4
0
 M

eV
/

0

100

200

300
Data

Inclusive MC

Inclusive+Mixed MC

]2c) [GeV/0�pM(

1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

2
c

E
v
en

ts
/ 

4
0
 M

eV
/

0

50

100

150

200
Data

Inclusive MC

Inclusive+Mixed MC

]2c) [GeV/0�M(p

1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

2
c

E
v
en

ts
/ 

4
0
 M

eV
/

0

50

100

150

200

Data

Inclusive MC

Inclusive+Mixed MC

FIG. 2. Comparisons of the distributions of the invariant masses of two-body combinations of the accepted candidates for

χc0 → pp̄ηπ0. The points with error bars denote the data, the shaded histograms denote the background from inclusive MC sample, and

the histograms denote the mixed MC sample plus the background contribution.
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FIG. 3. Comparisons of the distributions of the invariant masses of two-body combinations of the accepted candidates for

χc1 → pp̄ηπ0. The points with error bars denote the data, the shaded histograms denote the background from inclusive MC sample, and

the histograms denote the mixed MC sample plus the background contribution.
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The BFs of χcJðJ ¼ 0; 1; 2Þ → pp̄ηπ0 are calculated as

BðχcJ → pp̄ηπ0Þ ¼ Nobs
χcJ

Nψð3686Þ · B · ε
; ð9Þ

where Nobs
χcJ

is the signal yield of χcJ → pp̄ηπ0, Nψð3686Þ is
the number of ψð3686Þ events, B ¼ Bðψð3686Þ→ γχcJÞ·
Bðη → γγÞ · Bðπ0 → γγÞ, and ε denotes the detection effi-

ciencies obtained from the mixed signal MC samples. The

measured BFs are summarized in Table III.

V. SYSTEMATIC UNCERTAINTIES

The systematic uncertainties in the BF measurements

originate from several sources, as summarized in Table IV.

They are introduced below.

(I) Tracking: The uncertainty of the pp̄ tracking is

estimated by the control sample J=ψ → pp̄πþπ−

and is assigned as 1.0% for each p=p̄ [22].

(II) PID: The uncertainty of the PID of pp̄ is studied

using the control sample eþe− → pp̄π0 and is

estimated to be 1.0% for each p=p̄ [23].

(III) Photon selection: The uncertainty of the photon

selection is studied using the control sample eþe− →
γμþμ− [24] and is determined to be 0.5% for each

photon.

(IV) η and π0 reconstruction: The uncertainty from the η

and π0 reconstruction is 1.0% per η or π0, studied
with the high purity control samples J=ψ → pp̄η

and J=ψ → πþπ−π0 [25].

(V) Kinematic fit: The systematic uncertainty of kin-
ematic fit is estimated by comparing the efficiencies
with and without applying the helix correction [26].
The correction factors for protons are obtained by

studying the control sample ψð3686Þ → pp̄π0. The
systematic uncertainties are estimated to be 1.9%,
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FIG. 4. Comparisons of the distributions of the invariant masses of two-body combinations of the accepted candidates for

χc2 → pp̄ηπ0. The points with error bars denote the data, the shaded histograms denote the background from inclusive MC sample, and

the histograms denote the mixed MC sample plus the background contribution.

TABLE IV. Relative systematic uncertainties in the measure-

ments of the BFs of χcJ → pp̄ηπ0, where the “/” means

negligible.

Source χc0ð%Þ χc1ð%Þ χc2ð%Þ
Tracking 2.0 2.0 2.0

PID 2.0 2.0 2.0

Photon 2.5 2.5 2.5

η reconstruction 1.0 1.0 1.0

π0 reconstruction 1.0 1.0 1.0

Kinematic fit 1.9 2.0 1.9

π0 mass window / / /

RMðηÞ veto region 0.6 / /

Mðpp̄ηÞ veto region 1.0 0.5 0.4

Fitting range 1.3 3.0 2.7

Signal shape 0.1 0.3 1.2

Nonpeaking background 3.5 0.9 0.2

Peaking background 3.4 1.4 0.3

Quoted BFs 2.1 2.5 2.2

MC statistics 0.2 0.2 0.2

MC model 2.7 1.1 0.5

Intermediate states 0.8 0.4 0.1

Nψð3686Þ 0.5 0.5 0.5

Total 7.7 6.3 5.8
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2.0%, and 1.9% for χcJðJ ¼ 0; 1; 2Þ → pp̄ηπ0,
respectively.

(VI) Signal yield

(i) Mass window: We set π0 and J=ψ mass
windows to veto those related backgrounds
as mentioned before. To estimate the system-
atic uncertainties caused by these require-
ments, we examine the branching fractions
by adjusting the relevant mass window. For
each background veto, we vary the corre-
sponding mass windows nine times with a

step of 0.2 or 0.5 MeV=c2. Here, 0.2 MeV=c2

corresponds to the J=ψ recoil mass window,

while 0.5 MeV=c2 corresponds to the J=ψ
mass window in Mðpp̄ηÞÞ and π0 mass win-
dows. For each case, the deviation between
the alternative and nominal one is defined as

ζ ¼ jBnominal−Btestj
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

jσ2
B;nominal

−σ2
B;test

j
p , where B denotes branch-

ing fractions of χcJ → pp̄ηπ0 and σ denotes
statistical uncertainty. If ζ is less than 2.0, the
associated systematic uncertainty is negligible
according to the Barlow test [27]. Otherwise,
its relative difference is assigned as the sys-
tematic uncertainty.

(ii) Fit method: The systematic uncertainties due to

the fit range are examined by varying the
nominal fit range from [3.29, 3.60] to ½3.31;
3.60� GeV=c2, with a step of 2 MeV=c2,
and the Barlow test is performed as above.

The systematic uncertainties are 1.3%, 3.0%

and 2.7% for χcJðJ ¼ 0; 1; 2Þ → pp̄ηπ0, re-

spectively.

The uncertainty caused by the signal shape is
estimated by replacing the damping factor
with an alternative damping factor used by

CLEO [28], fdðEγÞ¼ expð−E2
γ=8β

2Þ, is chosen
to estimate the uncertainty from the damping
function, where β is a free parameter. The
difference between the two damping functions
is taken as the systematic uncertainty. They are
0.1%, 0.3%, and 1.2% for χcJðJ ¼ 0; 1; 2Þ →
pp̄ηπ0, respectively.

The systematic uncertainty caused by peak-
ing background is estimated by varying the
number of events by 1 standard deviation,
which includes the statistical uncertainty of
the MC simulated sample and the uncertainty
related to the BF. The largest differences
relative to the nominal BF are assigned as
the corresponding systematic uncertainty.

The uncertainty due to the nonpeaking back-
ground shape is estimated by replacing the
second-order Chebychev polynomial with the
third-order Chebychev one. The difference
relative to the nominal result is taken as the
corresponding systematic uncertainty.

(VII) Quoted BFs: The uncertainties due to the quoted BFs

of the intermediate states are cited from from the

PDG [1].

(VIII) MC statistics: The uncertainty due to the limited MC

statistics is calculated by

ffiffiffiffiffiffiffiffiffiffi

ð1−εÞε
N

q

, where ε is the

detection efficiency and N is the total number of MC
events. These uncertainties are all 0.2% for three
decay final states.

(IX) MC model: The systematic uncertainty due to
intermediate states is estimated by comparing the
nominal detection efficiency with that obtained
with the phase space model, and the differences
are determined to be 2.7%, 1.1%, and 0.5% for

χcJðJ ¼ 0; 1; 2Þ → pp̄ηπ0, respectively, which are
taken as the systematic uncertainties.

(X) Intermediate states: The systematic uncertainty due

to fitting fractions of intermediate states is estimated

by varying the fractions. The largest differences

relative to the nominal BFs are assigned as the

corresponding systematic uncertainty.

(XI) Nψð3686Þ: The uncertainty from the total number of

ψð3686Þ events is determined to be 0.5% [2].

All the systematic uncertainties are summarized in

Table IV, where the total uncertainties are obtained by

adding all of them in quadrature, assuming all contributions

are independent.

VI. SUMMARY

In summary, based on ð2712.4� 14.3Þ × 106ψð3686Þ
events taken by the BESIII detector, the decays χcJðJ ¼
0; 1; 2Þ→ pp̄ηπ0 are observed for the first time. The

corresponding BFs are determined to be Bðχc0→
pp̄ηπ0Þ¼ð2.42�0.07�0.19Þ×10−4, Bðχc1→pp̄ηπ0Þ¼
ð1.95�0.05�0.12Þ×10−4, and Bðχc2→pp̄ηπ0Þ¼ð1.33�
0.05�0.08Þ×10−4, respectively. The observation for this

new multibody decay that contains baryon pair will be

useful in understanding the properties of χcJ.
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