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By analyzing ð27.12� 0.14Þ × 108 ψð3686Þ events accumulated with the BESIII detector, the decay
ηcð2SÞ → KþK−η is observed for the first time with a significance of 6.2σ after considering systematic
uncertainties. The product of the branching fractions of ψð3686Þ → γηcð2SÞ and ηcð2SÞ → KþK−η is
measured to be Bðψð3686Þ → γηcð2SÞÞ × Bðηcð2SÞ → KþK−ηÞ ¼ ð2.39� 0.32� 0.34Þ × 10−6, where
the first uncertainty is statistical, and the second one is systematic. The branching fraction of ηcð2SÞ →
KþK−η is determined to be Bðηcð2SÞ → KþK−ηÞ ¼ ð3.42� 0.46� 0.48� 2.44Þ × 10−3, where the third
uncertainty is due to the branching fraction of ψð3686Þ → γηcð2SÞ. Using a recent BESIII measurement of
Bðηcð2SÞ → KþK−π0Þ, we also determine the ratio between the branching fractions of ηcð2SÞ → KþK−η

and ηcð2SÞ → KþK−π0 to be 1.49� 0.22� 0.25, which is consistent with the previous result of BABAR at
a comparable precision level.
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I. INTRODUCTION

Since the discovery of J=ψ in 1974, the charmonium
states have been viewed as excellent laboratories for
studying the nonperturbative regime of quantum chromo-
dynamics (QCD), which is the theory of strong interactions
among quarks and gluons. Various theoretical calculations
have been performed [1–4] based on QCD-inspired effec-
tive action and/or potential models. A good agreement
for the mass spectrum of the charmonium states below the
open-charm threshold has been achieved [5,6]. There are
abundant measurements of the charmonium states in recent
years, while our knowledge of the S-wave singlet charmo-
nium state, ηcð2SÞ, is still sparse. The concise history of
measurements of ηcð2SÞ is as follows: the resonance ηcð2SÞ
was observed by the Belle collaboration in the decay
B� → K�ηcð2SÞ, ηcð2SÞ → K0

SK
�π∓ [7], and this state

was confirmed by the CLEO and BABAR collaborations in
the two-photon fusion process eþe− → eþe−γ�γ�; γ�γ� →
ηcð2SÞ → K0

SK
�π∓ [8,9]. The resonance was also observed

in the double charmonium production process eþe− →
J=ψcc̄ by the BABAR [10] and Belle [11] collaborations.
The mass of ηcð2SÞðMηcð2SÞ ¼ 3637.7 MeVÞ lies just
below that of ψð3686ÞðMψð3686Þ ¼3686.1MeVÞ. Ten years
after the discovery of the ηcð2SÞ, a magnetic dipole (M1)
transition ψð3686Þ → γηcð2SÞ was reported by the BESIII

collaboration in 2012 [12], with ηcð2SÞ → KþK−π0 and
K0

SK
�π∓. To date, only a few ηcð2SÞ decay modes have

been observed, and the total branching fraction of these
decay modes is less than 5% [13]. Therefore, the search for
new decay modes of ηcð2SÞ will provide valuable infor-
mation for both experimental and theoretical studies,
helping us to better understand its properties.
The search for new ηcð2SÞ decay modes is important as it

may provide insights into unresolved charmonium puzzles.
The authors of Ref. [14] proposed that there is a “12% rule”
between the branching fractions of J=ψ and ψð3686Þ
decays

Bðψð3686Þ → hÞ
BðJ=ψ → hÞ ¼ Bðψð3686Þ → eþe−Þ

BðJ=ψ → eþe−Þ ≈ 0.12; ð1Þ

where h represents any hadronic final state. Even though
many exclusive channels obey this rule well, the decay
ψ → ρπ has a much smaller ratio than 12% [15], which
gives rise to the so called “ρ–π puzzle.” So far, several
interpretations have been proposed to solve it [16–18],
but none of them has been widely accepted yet. Likewise,
there would be an analogous ratio between the branching
fractions of ηcð1SÞ and ηcð2SÞ, as the spin-singlet partners
of J=ψ and ψð3686Þ. Reference [19] predicts

Bðηcð2SÞ → hÞ
Bðηcð1SÞ → hÞ ≈

Bðψð3686Þ → hÞ
BðJ=ψ → hÞ ¼ 0.128; ð2Þ

while Ref. [20] predicts

Bðηcð2SÞ → hÞ
Bðηcð1SÞ → hÞ ≈ 1; ð3Þ
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if a glueball-meson mixing mechanism, which could reduce
this ratio, is not taken into account. Recently, the authors
of Ref. [21] reviewed the branching fraction ratios in
several decay modes, and found that seemingly most of
the experimental measurements agree with neither of the
two predictions. Besides, it should be noticed that the
uncertainties of present experimental measurements are
still very large, preventing any definitive conclusions. The
search for new decay modes and more precise measure-
ments of ηcð2SÞ decays are desired to understand the
hadronic decay mechanism of the charmonium states below
the open-charm threshold.
Previously, evidence for ηcð2SÞ → KþK−η was reported

by BABAR, where ηcð2SÞ is produced via the two-photon
fusion process [22]. The ratio between the branching
fractions of ηcð2SÞ → KþK−η and ηcð2SÞ → KþK−π0 is
determined to be 0.82� 0.21� 0.27. With a sample of
ð27.12� 0.14Þ × 108 ψð3686Þ events accumulated with
the BESIII detector, we have a good chance to search
for the decay ηcð2SÞ → KþK−η, and measure its branching
fraction.

II. DETECTOR AND DATA SAMPLES

The BESIII detector [23] records symmetric eþe−
collisions provided by the BEPCII storage ring [24] in
the center-of-mass (c.m.) energy range from 2.0 to
4.95 GeV, with a peak luminosity of 1 × 1033 cm−2 s−1

achieved at
ffiffiffi

s
p ¼ 3.77 GeV. BESIII has collected large

data samples in this energy region [25]. 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 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. The solenoid is
supported by an octagonal flux-return yoke with resistive
plate counter muon identifier modules interleaved with
steel. The acceptance for charged particles and photons is
93% over 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 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 of the TOF barrel section is
68 ps, while that of the end cap section is 110 ps. The end
cap TOF system was upgraded in 2015 with multi-gap
resistive plate chamber technology, providing a time
resolution of 60 ps, which benefits about 85% of the data
used in this analysis [26].
This analysis is based on a data sample corresponding to

about 2.712 billion ψð3686Þ events collected by the BESIII
detector at the BEPCII symmetric-energy eþe− collider.
Additional datasets recorded at the center-of-mass (c.m.)
energy of 3.650 GeV, with an integrated luminosity of

410 pb−1, are used to determine the nonresonant con-
tinuum background contributions. Monte Carlo (MC)
simulated data samples produced with a GEANT4-based [27]
software package, which includes the geometric description
of the BESIII detector and the detector response, are
utilized to optimize event selection criteria, determine
reconstruction efficiencies and estimate background con-
tributions. The simulation models the beam-energy spread
and initial state radiation (ISR) in the eþe− annihilation
with the generator KKMC [28]. 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 [28]. The decay modes are modeled
with EVTGEN [29] using the known branching fractions
[13], and the unknown charmonium decays are modeled
with LUNDCHARM [30]. Final-state radiation (FSR) from
charged final-state particles is incorporated using the
PHOTOS package [31]. The exclusive decays of ψð3686Þ →
γχc1;c2 and ψð3686Þ → γηcð2SÞ are generated by specific
models in which the angular distribution and kinematic
effects have been considered. The angular distributions are
based on the quantum numbers of ψð3686Þ, χc1, χc2, and
ηcð2SÞ are 1−−, 1þþ, 2þþ, and 0−þ, respectively; while the
kinematic effects are based on the decays of ψð3686Þ →
γχc1;c2 and ηcð2SÞ are E1 transitions and M1 transition,
respectively. The ηcð2SÞ → KþK−η decay is generated
uniformly in the phase space with the PHSP model. The
χc1 → KþK−η decays are generated as a mixture of sub-
processes with intermediate states f0ð980Þη, f0ð1710Þη,
f02ð1525Þη, and K�

0ð1430Þ�K∓. For χc2 → KþK−η, the
sub-processes include f02ð1525Þη and KþK−η in PHSP.
The weights of each component are determined by fits to
the invariant mass (MKþK−) spectrum of KþK− in either χc1
or χc2 decays.

III. EVENT SELECTION

The ηcð2SÞ candidates are reconstructed via the decay
chain ψð3686Þ → γηcð2SÞ, ηcð2SÞ → KþK−η, η → γγ.
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 the symmetry axis of the MDC. For charged
tracks, the distance of closest approach to the interaction
point must be less than 10 cm along the z-axis, and less than
1 cm in the transverse plane. The momentum is required
to be at most 2 GeV=c for each track. Charged-particle
identification (PID) is based on the combined information
from the specific ionization energy loss in the MDC
(dE=dx) and the flight time measured by the TOF, which
form the corresponding likelihood LðhÞ for each hadron
(h ¼ p, K, π) hypothesis. Charged tracks are identified as
kaon when the kaon hypothesis has the greatest likelihood
among these hypotheses.
Photon candidates are reconstructed using isolated

showers in the EMC. The deposited energy of each shower

M. ABLIKIM et al. PHYS. REV. D 110, 092003 (2024)

092003-2



must be more than 25 MeV in the barrel region
(j cos θj < 0.80) and more than 40 MeV in the end cap
region (0.86 < j cos θj < 0.92). In this analysis, 40 MeV in
the end cap region is adopted to replace the usual 50 MeV
used in most of the BESIII analyses because of the low
energy of photon from the M1 transition. To exclude
showers that originate from charged tracks, the angle
subtended by the EMC shower and the position of the
closest charged track at the EMC must be greater than 10°
as measured from the interaction point. 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.
Each candidate event is required to have one Kþ and one

K− between three and six photon candidates.
A kinematic fit with four constraints (4C) on each

ψð3686Þ → γηcð2SÞ candidate event is performed to sup-
press the backgrounds, where the total four-momentum
of the final state is constrained to the initial eþe− four-
momentum. The fit procedure loops over all photons, and
the minimum fit chi-square, χ24C, is used to choose the best
photon candidates if the event contains more than three
photons. The photon with the least energy is selected as the
radiative photon, and the other two are taken as the
candidates from η → γγ with the γγ invariant mass being
in the η signal region, ½0.51; 0.57� GeV=c2. The back-
grounds from the ψð3686Þ → γγKþK−η channel with four
photons in the final states are suppressed by requiring
χ24C < χ2

4Cð4γÞ. The χ2
4Cð4γÞ here is the chi-square of a 4C

kinematic fit similar to the nominal one but allowing four
photons in the final states. The events satisfying χ24C < 20

are retained for further analysis. The requirements of χ24C
and η signal mass region are optimized by maximizing
S=

ffiffiffiffiffiffiffiffiffiffiffiffi

Sþ B
p

, where S and B are the numbers of expected
signal and background events determined by the MC
simulation.
To improve the mass resolution, a further kinematic fit

with five constraints (5C) on each ψð3686Þ → γηcð2SÞ
candidate is performed, where the total energy-momentum
of final states is constrained to the initial four-momentum
and the invariant mass of the two photons is constrained
to the known η mass [13]. However, the background
ψð3686Þ → KþK−η with a fake photon, caused by detector
noise or final state radiation, would appear as a peak close
to the ηcð2SÞ signal in the KþK−η invariant mass (MKþK−η)
distribution, as shown in Fig. 1. This peak is suppressed in
the ηcð2SÞ signal region by a modified 4C kinematic fit [12]
(called m4C hereafter) based on the 5C kinematic fit. The
m4C configuration is the same as the 5C kinematic fit
except that the energy of the radiative photon is allowed to
vary in the fit. The MKþK−η distributions from the m4C are
also shown in Fig. 1. In this analysis, the MKþK−η

distribution after applying the m4C fit is used for fur-
ther study.

Background from the ψð3686Þ → KþK−η with a photon
from final state radiation (γFSR) is hard to be reduced
because it has the same final state as the signal. The long
tail of this background contaminates the signal in the
MKþK−η distribution. Therefore, a reliable description of
its line shape is important. The contribution of this back-
ground strongly depends on the FSR ratio RFSR, which is
defined as RFSR ¼ NFSR=Nno FSR, where NFSR and Nno FSR
are the numbers of events with and without the γFSR [32].
A control sample of ψð3686Þ → γχc0 → γγFSR2ðKþK−Þ is
selected to study the difference of RFSR between data and
MC simulation. The energy of γFSR in the control sample is
between 10 and 150 MeV. From the study, we find
fFSR ¼ Rdata

FSR=R
mc
FSR ¼ 1.34� 0.12, where the uncertainty

is statistical. The contribution of the ψð3686Þ →
γFSRKþK−η estimated using the MC simulation is cor-
rected to that of data according to the measured fFSR in the
later fit.
To reduce the backgrounds associated with π0, such as

ψð3686Þ → γχc1, χc1 → KþK−π0, a two-dimensional veto
is performed on the invariant mass distributions of MγM1γ1
and MγM1γ2 . The subscript M1 represents the radiative
photon, while the subscripts 1 and 2 refer to the lower
and higher energy photons from the η decay, respectively.
The invariant masses MγM1γ1 and MγM1γ2 peak at the π0

mass. Therefore, events in which jMγM1γ1 −Mπ0 j <
0.025 GeV=c2 and jMγM1γ2 −Mπ0 j < 0.04 GeV=c2 (where
Mπ0 ¼ 0.135 GeV=c2) are removed to suppress both
kinds of backgrounds. The different selection criteria
here are due to the different resolutions between MγM1γ1
andMγM1γ2 . The backgrounds of ψð3686Þ → γχc1; χc1 → X
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FIG. 1. Comparison of MKþK−η between the m4C and the 5C
kinematic fits of the MC samples. The blue solid and blue dash-
dotted curves denote the m4C and 5C kinematic fit results of the
signal channel ψð3686Þ → γηcð2SÞ → γKþK−η, respectively;
the purple solid and purple dash-dotted curves denote the
m4C and 5C kinematic fit results of ψð3686Þ → KþK−η,
respectively.
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[where X represent ηf2ð1270Þ; KþK�−; γJ=ψ and so on]
are reduced by requiring Eγ2 to be outside the range [0.156,
0.196] GeV.
In addition, the signal extraction suffers significantly

from background contributions associated with the final
state of γKþK−π0, such as ψð3686Þ → γηc, ηc → KþK−π0,
and ψð3686Þ → γχc2, χc2 → KþK−π0. They cause an
enhancement in M3γ , the invariant mass of the three
photons. We require M3γ > 0.6 GeV=c2 to suppress these
backgrounds. It should be mentioned that this requirement
also removes some ψð3686Þ→KþK−ηðγFSRÞ backgrounds,
and cause a dip in the MKþK−η distribution, as shown
in Fig. 1.
There are some backgrounds with intermediate states

of J=ψ or ϕ, such as ψð3686Þ → γχcJ, χcJ → γJ=ψ ,
J=ψ → KþK− or ψð3686Þ → ηϕ, ϕ → KþK−. The KþK−

invariant mass is required to be less than 3.0 GeV=c2 to
suppress the J=ψ-related backgrounds and outside the
range ½1.007; 1.033� GeV=c2 to suppress the ϕ-related
backgrounds.
The background contribution from the continuum proc-

ess (including the initial state radiation) is estimated using
the dataset taken at the c.m. energy of 3.650 GeV with an
integrated luminosity of 401.00 pb−1. The mass spectrum
is scaled due to the difference in the c.m. energies, and the
number of events is normalized based on the corresponding
integrated luminosities [33] and cross-sections. The nor-
malized number of continuum events is about two in the
region of MKþK−η ∈ ½3.60; 3.65� GeV=c2.

IV. SIGNAL EXTRACTION AND
BRANCHING FRACTION

The signal yields are obtained by a fit to the MKþK−η

spectrum with an unbinned maximum likelihood
method. The fit is performed in the mass range of
½3.45; 3.70� GeV=c2 to cover the χc1;c2 signals. The line
shape of ηcð2SÞ is described by [34,35]

ðE3
γ · BWðMÞ · fdðEγÞ · ϵðMÞÞ ⊗ DGall−resolution; ð4Þ

whereM denotesMKþK−η, Eγ is the energy of the transition
photon in the ψð3686Þ rest frame, which is taken as

Eγ ¼
m2

ψð3686Þ −M2

2mψð3686Þ
: ð5Þ

The Breit-Wigner function for ηcð2SÞ is taken as

BWðMÞ ¼ 1

jM2 −m2
ηcð2SÞ þ imηcð2SÞΓηcð2SÞj2

; ð6Þ

with the ηcð2SÞ mass and width fixed to the world average
values [13]. If the mass and width of ηcð2SÞ are allowed to

be float during the fit, the fit will result in a unreasonable
large width leading to a significant overestimation of the
signal yield. The fdðEγÞ is a damping function proposed by
the KEDR experiment [36], which is written as

fdðEγÞ ¼
E2
0

EγE0 þ ðEγ − E0Þ2
; ð7Þ

to suppress the diverging tail caused by the factor E3
γ.

The nominal energy of the transition photon, E0, is
calculated with

E0 ¼
m2

ψð3686Þ −m2
ηcð2SÞ

2mψð3686Þ
: ð8Þ

The efficiency ϵðMÞ is a function ofMKþK−η determined by
MC simulation, which is fitted with a 5th order Chebyshev
function.DGall−resolution is a Gaussian-like function describ-
ing the resolution. It accounts for both the detector
resolution, represented by a double Gaussian function with
parameters determined by MC simulation, and the discrep-
ancy between data and MC simulation, represented by a
single Gaussian function with parameters obtained from
control samples of χc1;c2 → KþK−η. To incorporate both
effects, a new function DGall−resolution is constructed by
convolving the double Gaussian function with a single
Gaussian function. All parameters of DGall−resolution are
fixed in the fit.
The χc1 and χc2 signals are described by the simulated

MC shapes convolved with a single Gaussian function to
take into account the resolution differences in MKþK−η

between data and MC simulation.
To determine the contribution of the continuum back-

ground, we fit the shape of the shifted mass spectrum with a
second-order Chebyshev function. In the nominal fit, the
parameters and signal yields of the continuum background
are fixed. For ψð3686Þ → ðγFSRÞKþK−η, signal shape is
derived from the signal MC sample with corrected fFSR. All
the other smooth backgrounds are described with an
ARGUS function [37], with the threshold parameter fixed
at 3.700 GeV, while the other parameters are left free in
the fit.
In the fit, it is assumed that there is no interference

between the signal and continuum amplitudes. The fit
results are shown in Fig. 2. The signal yields from the fit
are summarized in Table I. The χ2=ndf value of the fit is
79.6=44, where ndf is the number of degrees of freedom.
This relatively large χ2=ndf is primarily due to the large
statistics of the χc1;c2 data samples. The significance of the
ηcð2SÞ signal, calculated by the difference of the like-
lihoods and the ndf with and without the ηcð2SÞ signal
component in the fit [38], is determined to be 6.2σ after
considering systematic uncertainties.
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An input-output check using 300 toy MC samples shows
that the fit scheme is stable and does not induce bias.
The branching fraction of the X → KþK−η decay is

determined by

BðX → KþK−ηÞ ¼ NX

Nψð3686Þ · ϵ · B0

; ð9Þ

where X represents χc1, χc2, or ηcð2SÞ, NX is the number of
observed signal events, Nψð3686Þ is the total number of
ψð3686Þ events, ϵ is the detection efficiency after correc-
tions as described in Sec. V, B0 is the product of the
branching fractions ψð3686Þ → γX and η → γγ [13].
Table I lists the fit results, branching fractions, and other
relevant values.

V. SYSTEMATIC UNCERTAINTY

The sources of systematic uncertainties considered in the
branching fraction measurement include the total number
of ψð3686Þ events, tracking, PID, photon detection,
branching fractions of the intermediate decays, kinematic
fit, misidentification of photons, veto criteria with photon,
veto criteria on MKþK− , and the fit.

The total number of ψð3686Þ events is determined with
inclusive hadronic ψð3686Þ decays. With the same method
in Ref. [33], in which the ψð3686Þ data sample collected in
2009 and 2012 is analyzed, the total number of ψð3686Þ
events collected in 2009, 2012, and 2021 is determined to
be ð27.12� 0.14Þ × 108 with an uncertainty of 0.5%.
Using the control sample of eþe− → πþπ−KþK−, the

uncertainties of the tracking and PID are determined to be
1.0% for each kaon [39].
The uncertainty due to photon reconstruction is deter-

mined to be 1.0% per photon using the control sample of
J=ψ → πþπ−π0 [40].
The systematic uncertainties due to the branching

fractions of ψð3686Þ → γηcð2SÞ and η → γγ are quoted
as 71.4% and 0.5% [13], respectively.
To study the uncertainty associated with the 4C kin-

ematic fit, we correct the track helix parameters in the MC
simulation. The helix correction parameters of charged
kaon are obtained with the control sample of ψð3686Þ →
γχc0 → γ2ðKþK−Þ. The resulting efficiency difference
before and after the correction, 2.1%, is taken as the
systematic uncertainty.
The systematic uncertainty associated with the misiden-

tification of a photon is estimated by utilizing the control
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FIG. 2. Results of the fit to the invariant mass distribution of KþK−η, illustrated in the whole fit range (left) and the range only
containing the ηcð2SÞ signal (right). Dots with error bars are data. The red, blue, and cyan solid curves are the total fit, smooth
background, and continuum background, respectively. The green dotted, blue dotted, and black dash-dotted curves denote decay modes
of χc1; χc2, and ηcð2SÞ, respectively. The pink dotted curve is the ψð3686Þ → ðγFSRÞKþK−η contribution.

TABLE I. The signal yields (NX), the detection efficiencies (ϵ), the obtained branching fractions ðBÞ, as well as
comparison to the PDG values. Only statistical uncertainties are presented, except those quoted from PDG.

Channel ηcð2SÞ → KþK−η χc1 → KþK−η χc2 → KþK−η

NX 362� 49 8690� 110 3693� 85
ϵ (%) 14.2 19.4 20.4
B ð3.42� 0.46Þ × 10−3 ð4.30� 0.05Þ × 10−4 ð1.81� 0.04Þ × 10−4

BPDG [13] ð5� 4Þ × 10−3 ð3.2� 1.0Þ × 10−4 < 3.2 × 10−4
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sample of ψð3686Þ → ηJ=ψ . The efficiencies of recon-
structing η obtained from MC simulation are corrected
according to the data-MC difference. The correction factor
is determined to be f ¼ 0.953� 0.005. The residual
uncertainty of 0.5% is taken as the systematic uncertainty
after efficiency correction.
To estimate the systematic uncertainty of the η signal

interval selection and veto criteria associated with photons,
we smear the energy of photons based on the difference in
the resolutions between data and MC simulation. The
relevant systematic uncertainty is estimated to be 2.4%
based on the difference of the efficiencies before and after
the smearing. The uncertainty from the MKþK− criteria,
that require the invariant mass of KþK−ðMKþK−Þ to be
outside the range of ½1.007; 1.033� GeV=c2 and less than
3.0 GeV=c2 to veto ϕ and J=ψ , is estimated by comparing
the final results with and without applying the criteria. We
find a difference of 0.5% and take it as the systematic
uncertainty due to the MKþK− criteria.
The systematic uncertainties associated with the signal

and background shapes in the fit to theMKþK−η distribution
are estimated as follows. The systematic uncertainties due
to the line shape of the smooth backgrounds are estimated
with an alternative line shape, described by a mixing-
component shape from η sideband and flat background
with η from the inclusive MC sample. The change of the
fitted signal yield, 5.0%, is assigned as the uncertainty. The
systematic uncertainties associated with the resonance
parameters of ηcð2SÞ are estimated to be 1.2% and
11.9%, respectively, by changing the ηcð2SÞ mass and
width by �1σ according to the world average values [13].
The systematic uncertainty of the fit range is determined to
be negligible using the Barlow test [41]. The systematic
uncertainty from the damping factor is estimated to be
0.5%, by changing the invariant mass of ηcð2SÞ, which is a
parameter in the damping factor function, by �1σ. The
systematic uncertainty due to the background ψð3686Þ →
KþK−η with γFSR is estimated by varying fFSR by �1σ.
The resulting difference to the nominal one, 1.4%, is
assigned as the corresponding uncertainty. The systematic
uncertainty due to the continuum process is found to be
negligible by changing the number of continuum back-
ground events within �1σ.
An alternative Chebyshev function, changed from

5th order to 6th order to fit the efficiency curve, is chosen
to estimate the uncertainty from the efficiency curve. The
difference between the two functions, 0.3%, is taken as the
systematic uncertainty.
Among all sources of systematic uncertainties, the

largest one comes from the quoted branching fraction of
ψð3686Þ → γηcð2SÞ. Since it is not possible to reduce that
in this analysis, we treat it separately. All the other sources
of systematic uncertainties are assumed to be independent
of each other and are combined in quadrature to obtain the
overall systematic uncertainty as listed in Table II.

VI. SUMMARY AND DISCUSSIONS

Using the ð27.12� 0.14Þ × 108 ψð3686Þ events col-
lected by the BESIII detector, the ηcð2SÞ → KþK−η decay
is observed for the first time. The statistical significance of
the signal is 6.2σ after considering systematic uncertainties.
The product of the branching fractions is determined
to be Bðψð3686Þ → γηcð2SÞÞ × Bðηcð2SÞ → KþK−ηÞ ¼
ð2.39� 0.32� 0.34Þ × 10−6, where the first uncertainty
is statistical and the second systematic. The branching
fraction of ηcð2SÞ → KþK−η is calculated to be ð3.42�
0.46� 0.48� 2.44Þ × 10−3, with the third uncertainty
coming from the quoted Bðψð3686Þ → γηcð2SÞÞ. The
branching fraction of ηcð2SÞ → KK̄η is calculated to be
ð6.84� 0.92� 0.96� 4.88Þ × 10−3 based on the isospin
symmetry.
Furthermore, with the recent BESIII measurement

of Bðηcð2SÞ → KþK−π0) [35], the ratio between the
Bðηcð2SÞ → KþK−ηÞ and Bðηcð2SÞ → KþK−π0Þ is deter-
mined to be 1.49� 0.22� 0.25. Our result is consistent
with the BABAR result 0.82� 0.21� 0.27 [22]. The ratio
of the branching fractions of ηcð1SÞ and ηcð2SÞ decaying
into KþK−η is calculated to be Bðηcð2SÞ → KK̄ηÞ=
Bðηcð1SÞ → KK̄ηÞ ¼ 0.52� 0.39. Comparing this to the
ratios from other hadronic decay modes of ηcð2SÞ=ηcð1SÞ
[21] shown in Fig. 3, it is observed that the averaged value
is around 0.3, which does not align with the predictions in
either Ref. [19] or in Ref. [20]. The observed discrepancy
reflects our limited knowledge of the decay mechanisms of
the spin singlet charmonium states. More searches on new
decay modes and more precise measurements of the ηcð2SÞ
decays are required to clarify this puzzle.

TABLE II. The relative systematic uncertainties (in %) on the
branching fraction measurement.

Source Uncertainty

Nψð3686Þ 0.5
Continuum contribution 1.0
Tracking 2.0
PID 2.0
Photon reconstruction 3.0
Bðη → γγÞ 0.5
4C kinematic fit 2.1
Photon misidentification 0.5
Veto criteria with photon 2.4
MKþK− requirement 0.5
Background shape 5.0
Mass of ηcð2SÞ 1.2
Width of ηcð2SÞ 11.9
Damping factor 0.5
Ratio of FSR 1.4
Efficiency curve 0.3

Total 14.1

Bðψð3686Þ → γηcð2SÞÞ 71.4
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