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Using data samples with an integrated luminosity of 4.5 fb−1 collected by the BESIII detector at
center-of-mass energies ranging from 4.66 GeV to 4.95 GeV, we study the processes of eþe− → ωXð3872Þ
and eþe− → γXð3872Þ. With the eþe− → ωXð3872Þ process, the branching fraction ratio R≡
BðXð3872Þ→γJ=ψÞ

BðXð3872Þ→πþπ−J=ψÞ is measured to be 0.38� 0.20stat � 0.01syst (R < 0.83 at 90% confidence level). In

addition, we measure the ratio of the average cross section of eþe− → ωXð3872Þ to eþe− → ωχc1ðωχc2Þ to
be σωXð3872Þ=σωχc1ðσωXð3872Þ=σωχc2Þ ¼ 5.2� 1.0stat � 1.9systð5.5� 1.1stat � 2.4systÞ. Finally, we search for
the process of eþe− → γXð3872Þ, and no obvious signal is observed. The upper limit on the ratio of the
average cross section of eþe− → γXð3872Þ to eþe− → ωXð3872Þ is set as σγXð3872Þ=σωXð3872Þ < 0.23 at
90% confidence level.
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I. INTRODUCTION

In 2003, the first charmoniumlike state Xð3872Þ was
discovered by the Belle experiment in the B� →
K�πþπ−J=ψ process [1]. The mass of Xð3872Þ being right
at the D0D̄�0 threshold, along with its remarkably narrow
width, suggests that the Xð3872Þ is not a conventional
charmonium state. Its discovery has triggered extensive
discussions, and interpretations as a D0D̄�0 molecule
[2,3], a tetraquark state [4,5], or a mixture of a D0D̄�0
molecule and a χc1ð2PÞ [6–8] have been proposed. Up to
now, there is, however, no consensus on the nature of
the Xð3872Þ.
After two decades, our knowledge on the Xð3872Þ has

significantly advanced. Its quantum numbers JPC ¼ 1þþ [9]
and isospin I ¼ 0 [10,11]were determined and several decay
modes, including πþπ−J=ψ [11], ωJ=ψ [12], D0D̄�0 [13],
γJ=ψ [14], π0χc1 [15], were observed. Among these, the
radiative decay is particularly sensitive to its wave function
[16–27]. TheBESIII experiment hasmeasured the branching

fraction ratio R≡ BðXð3872Þ→γJ=ψÞ
BðXð3872Þ→πþπ−J=ψÞ ¼ 0.79� 0.28 through

the eþe− → γXð3872Þ process [28], which is consistent
within 3σ with Belle’s result of R ¼ 0.21� 0.06, obtained
from the decay B� → K�Xð3872Þ [11,14]. Compared
to the eþe− → γXð3872Þ process, the recently observed

eþe− → ωXð3872Þ process by BESIII [29] provides a lower
background environment for measuring R.
In addition to the decays of Xð3872Þ, investigating its

production also provides valuable insight into its properties
[1,10,30–40]. The radiative production process of eþe− →
γXð3872Þ was first observed by the BESIII experiment
[31]. It was later confirmed that these Xð3872Þ signals are
produced through the radiative decay of a vector state,
either ψð4160Þ or Yð4230Þ [34]. In 2023, the BESIII
experiment reported a new production process eþe− →
ωXð3872Þ [29], its cross section showing an enhancement
around 4.75 GeV, which might be evidence for a potential
resonance. It is therefore natural to search for the radia-
tive process Y → γXð3872Þ at this energy. Moreover, the
Xð3872Þ is considered a possible candidate of a P-wave
charmonium χc1ð2PÞ or containing a sizeable component
of χc1ð2PÞ [7,41,42]. By comparing the production of
Xð3872Þ with that of P-wave charmonium states, χc1ð1PÞ
and χc2ð1PÞ, we can obtain more information about the
production dynamics of the Xð3872Þ and hence its internal
components.
In this article, we present a study of the processes

eþe− → ωXð3872Þ and eþe− → γXð3872Þ, using data
samples with an integrated luminosity of 4.5 fb−1 taken at
c.m. energies ranging from 4.66 GeV to 4.95 GeV [43]. We
measure the branching fraction ratio R through the eþe− →
ωXð3872Þ production channel. Additionally, we compare
the Xð3872Þ and χcJð1PÞ (J ¼ 1, 2) states by measuring the
ratio of the cross sections of eþe− → ωXð3872Þ to
eþe− → ωχcJð1PÞ, σωXð3872Þ=σωχcJ . Furthermore, we search
for the process of eþe− → γXð3872Þ at c.m. energies from
4.66 GeV to 4.95 GeV, and measure the ratio of the cross
sections of eþe− → γXð3872Þ to eþe− → ωXð3872Þ,

*Full author list given at the end of the article.

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOI. Funded by SCOAP3.

PHYSICAL REVIEW D 110, 012006 (2024)

2470-0010=2024=110(1)=012006(18) 012006-1 Published by the American Physical Society

https://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevD.110.012006&domain=pdf&date_stamp=2024-07-11
https://doi.org/10.1103/PhysRevD.110.012006
https://doi.org/10.1103/PhysRevD.110.012006
https://doi.org/10.1103/PhysRevD.110.012006
https://doi.org/10.1103/PhysRevD.110.012006
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


σγXð3872Þ=σωXð3872Þ. The ω and χcJ candidates are recon-
structed through the final states of πþπ−π0 and γJ=ψ ,
respectively, where J=ψ meson decays to lþl− (l ¼ e,
μ). The decaymodesXð3872Þ → πþπ−J=ψ andXð3872Þ →
γJ=ψ are both taken into account.

II. BESIII DETECTOR AND MC SAMPLE

The BESIII detector [44] records symmetric eþe−
collisions provided by the BEPCII storage ring [45] in
the center-of-mass energy range from 2.0 GeV to 4.95 GeV,
with a peak luminosity of 1 × 1033 cm−2 s−1 achieved atffiffiffi
s

p ¼ 3.77 GeV. BESIII has collected large data samples
in this energy region [46–48]. 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 TOF system, 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 identi-
fication modules (MUC) interleaved with steel. The
charged-particle momentum resolution at 1 GeV=c is
0.5%, and the 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 in the TOF barrel region is
68 ps, while that in the end cap region is 60 ps [49–51].
Simulated samples produced with a GEANT4-based [52]

Monte Carlo (MC) software, which includes the geometric
description of the BESIII detector and the detector response,
are used to determine detection efficiencies and to estimate
backgrounds. The signalMC samples of eþe− → ωXð3872Þ
and eþe− → γXð3872Þ are simulated at each c.m. energy,
with ω → πþπ−π0, Xð3872Þ → πþπ−J=ψ , γJ=ψ , and
J=ψ → eþe−, μþμ− being simulated according to the
branching fractions taken from the Particle Data Group
(PDG) [53]. The normalized channel eþe− → ωχcJ, with
χcJ → γJ=ψ is also simulated at each c.m. energy. The
simulation models the beam energy spread and initial state
radiation (ISR) in the eþe− annihilations with the generator
KKMC [54,55]. The inclusive MC sample, with a luminosity
that is ten times larger than the data, includes the production
of open charm processes, the ISR production of vector
charmonium(like) states, and the continuum processes simu-
lated with KKMC [54,55]. All particle decays are modelled
with EVTGEN [56,57] using branching fractions either taken
from the PDG [53], when available, or otherwise estimated
with LUNDCHARM [58,59]. Final state radiation (FSR) from
charged final state particles is incorporated using the PHOTOS
package [60].

III. EVENT SELECTION

Charged tracks detected in the MDC are required to be
within a polar angle (θ) range of j cos θj < 0.93 (the

coverage of the MDC), 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 < 10 cm,
and less than 1 cm in the transverse plane, jVxyj < 1 cm.
Photon candidates are identified using showers in the

EMC. The deposited energy of each shower must be
greater than 25 MeV in the barrel region (j cosθj< 0.80)
and greater than 50 MeV in the end cap region
(0.86 < j cos θj < 0.92). To exclude the showers that
originate from charged tracks, the angle between the
position of each shower in the EMC and the closest
extrapolated charged track must be greater than 10 degrees.
To suppress the electronic noise and the showers
unrelated to the event, the difference between the EMC
time (read out from the seed crystal with maximum
deposited energy) and the event start time is required to
be within [0, 700] ns.
For the analyzed processes, the charged pions from ω or

Xð3872Þ and the leptons from J=ψ can be effectively
distinguished by their momenta in the lab frame. Charged
tracks with momentum less or greater than 1 GeV=c are
assigned as pions or leptons, respectively. The amount of
deposited energy of the lepton candidates in the EMC is
further used to separate muons from electrons. For muon
candidates, the deposited energy in the EMC is required to
be less than 0.4 GeV, while it is greater than 1.0 GeV for
electrons.

A. ωγJ=ψ events

For the candidate events of ωXð3872Þ with Xð3872Þ →
γJ=ψ , and ωχcJ with χcJ → γJ=ψ , four charged tracks
(πþπ−lþl−) and at least two of the three photons in the
final state are required to be reconstructed. One of the
photon candidates is always ignored and not required to be
detected in order to improve the selection efficiency.
To improve the resolution and suppress the background,
a one-constraint (1C) kinematic fit is performed with
a eþe− → πþπ−γ1γ2γmisslþl− hypothesis, where the
mass of the missing particle is constrained to zero

(
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðPeþe− − Pπþπ−γ1γ2lþl−Þ2

q
¼ 0, with P denoting the

four-momentum). If there is more than one combination
of photons satisfying the kinematic constraint in an event,
the one with the minimum χ2 from the kinematic fit is
retained. To distinguish between the photons originating
from the π0 and the Xð3872Þ=χcJ, a kinematic fit con-
straining also the invariant mass (2C) of two photons
to the π0 nominal mass is applied. The combination with
the minimum χ2 from the 2C kinematic fit is assigned
as the right combination, and events with χ2 < 20 are
selected.
To veto the background events from eþe− →

πþπ−ψð3686Þ, ψð3686Þ → π0π0J=ψ , γχcJ, and eþe− →
π0π0ψð3686Þ, ψð3686Þ → πþπ−J=ψ , jRMðπþπ−Þ −

M. ABLIKIM et al. PHYS. REV. D 110, 012006 (2024)

012006-2



mψð3686Þj > 0.03 GeV=c2 and jMðπþπ−J=ψÞ−mψð3686Þj >
0.01 GeV=c2 are required, where RMðπþπ−Þ ¼ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðPeþe− − Pπþπ−Þ2

p
is the recoiling mass of πþπ− against

the initial eþe− collision system, mψð3686Þ is the ψð3686Þ
nominal mass [53], andMðπþπ−J=ψÞ≡Mðπþπ−lþl−Þ −
Mðlþl−Þ þmJ=ψ is applied to improve resolution, where
mJ=ψ is the J=ψ nominal mass [53]. To reduce the μ=π
misidentification background in the J=ψ → μþμ− channel,
e.g., eþe− → ωπþπ− events, at least one of the muon
candidates must have a hit depth larger than 30 cm in
the MUC.
Figure 1 shows the two-dimensional (2D) distribution

of Mðπþπ−π0Þ versus Mðlþl−Þ after the aforemen-
tioned requirements have been applied. The ω and J=ψ
signals are observed in the data with MðγJ=ψÞ∈
½3.45; 3.62� GeV=c2 and ½3.82; 3.92� GeV=c2 correspond-
ing to the χcJ and Xð3872Þ signal regions. The ω
and J=ψ signal regions are defined as Mðπþπ−π0Þ∈
½0.74; 0.82� GeV=c2 and Mðlþl−Þ∈ ½3.06;3.14� GeV=c2,
respectively. The ω and J=ψ sidebands are used to esti-
mate the non-ω and non-J=ψ backgrounds. The ω side-
band region is defined as Mðπþπ−π0Þ∈ ½0.64; 0.72� ∪
½0.84; 0.92� GeV=c2, which is twice as wide as the ω
signal region. The J=ψ sideband region is defined as
Mðlþl−Þ∈ ½2.96; 3.04� ∪ ½3.17; 3.25� GeV=c2, which is
twice as wide as the J=ψ signal region.
Figure 2 displays the invariant mass distribution of γJ=ψ

within the ω and J=ψ mass windows. The χc1 and χc2
signals are significant, and there are several events near
3.872 GeV=c2 that correspond to the Xð3872Þ. The χcJ
peaking background from the ω sideband is also evident,
which could be attributed to πþπ−π0χcJ or ω�χcJ events.
Here, the ω� represents a higher excited state of ω, such
as ωð1420Þ.

B. ωπ +π − J=ψ events

The event selection criteria for ωXð3872Þ with
Xð3872Þ → πþπ−J=ψ follow Ref. [29]. Candidate events
with five charged tracks and two photons (πþπ−π�lþl−γγ)
are reconstructed and referred to as 5-track events.
Additionally, to improve the selection efficiency, candidate
events with six charged tracks and at least one photon
(πþπ−πþπ−lþl−γ) are also reconstructed and referred to
as 6-track events.
Figure 3 shows the 2D distributions of Mðπþπ−π0Þ

versusMðlþl−Þ, and the distributions ofMðπþπ−J=ψÞ for
the 5-track and 6-track events. In both cases, the ω

FIG. 1. The 2D distributions of Mðπþπ−π0Þ versus Mðlþl−Þ with MðγJ=ψÞ∈ ½3.45; 3.62� GeV=c2 (left) and ½3.82; 3.92� GeV=c2
(right). The dots are data samples, the red solid boxes are ωJ=ψ signal region (S), the blue dashed, blue dotted and green dash-dotted
boxes indicate ω non-J=ψ (B1), J=ψ non-ω (B2) and non-ω non-J=ψ (B3) sideband regions, respectively.

FIG. 2. The distribution of MðγJ=ψÞ. The dots with error bars
are data samples, the red dashed, blue dotted and red solid
histograms are ωχc1, ωχc2 and ωXð3872Þ MC, respectively. The
green filled and yellow shaded histograms represent ω and J=ψ
sidebands, respectively.
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and J=ψ signal regions are defined as Mðπþπ−π0Þ∈
½0.75; 0.81� GeV=c2 and Mðlþl−Þ∈ ½3.07;3.13� GeV=c2,
respectively. The ω and J=ψ sideband regions are defined
as Mðπþπ−π0Þ∈ ½0.66; 0.72� ∪ ½0.84; 0.90� GeV=c2 and
Mðlþl−Þ∈ ½2.98; 3.04� ∪ ½3.17; 3.23� GeV=c2, respec-
tively. The defined ω and J=ψ sideband regions are twice
as wide as their respective signal regions.

C. γπ +π − J=ψ events

The event selection criteria for γXð3872Þ with
Xð3872Þ → πþπ−J=ψ follow Ref. [31]. Candidate events
with four charged tracks and at least one photon
(πþπ−lþl−γ) are reconstructed.
The J=ψ signal region is defined as Mðlþl−Þ∈

½3.08; 3.12� GeV=c2, and the sideband region is
Mðlþl−Þ∈ ½3.02; 3.06� ∪ ½3.14; 3.18� GeV=c2 which is
twice as wide as the signal region. After applying the
selection criteria for γXð3872Þ events, the invariant mass

FIG. 3. The 2D distributions of Mðπþπ−π0Þ versus Mðlþl−Þ (left column) and the distributions of Mðπþπ−J=ψÞ (right column) for
the 5-track (upper row) and 6-track (bottom row) events of ωπþπ−J=ψ . In the left column, the dots are data samples, the red solid boxes
are ωJ=ψ signal region (S), the blue dashed, blue dotted and green dash-dotted boxes indicate ω non-J=ψ (B1), J=ψ non-ω (B2) and
non-ω non-J=ψ (B3) sideband regions, respectively. In the right column, the dots with error bars are data samples, the red solid
histograms are ωXð3872Þ MC, and the green filled histograms represent ω − J=ψ2D sidebands (B1=2þ B2=2-B3=4).

FIG. 4. The distribution of Mðπþπ−J=ψÞ. The dots with error
bars are data samples, the red solid and green filled histograms
are γXð3872Þ MC and J=ψ sideband, respectively.
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distribution of πþπ−J=ψ is displayed in Fig. 4, where the
ψð3686Þ peak corresponding to the eþe− → γISRψð3686Þ
events is significant, but no obvious Xð3872Þ signal is
observed in the data.

IV. R MEASUREMENT

The ratio of the branching fraction of Xð3872Þ → γJ=ψ
to that of Xð3872Þ → πþπ−J=ψ is calculated by

R ¼ NγJ=ψ

Nπþπ−J=ψ

εAveπþπ−J=ψ

εAveγJ=ψ

; ð1Þ

where NγJ=ψ and Nπþπ−J=ψ are the numbers of signal events
for Xð3872Þ → γJ=ψ and Xð3872Þ → πþπ−J=ψ modes of
the eþe− → ωXð3872Þ process, respectively. εAveγJ=ψ and

εAveπþπ−J=ψ are the average selection efficiencies at c.m.
energies between 4.66 GeV and 4.95 GeV for Xð3872Þ →
γJ=ψ and Xð3872Þ → πþπ−J=ψ , respectively. The average
selection efficiency is defined as εAve ¼ P

i Liσiεi=P
i Liσi, where Li, σi, and εi are the luminosity, cross

section, and selection efficiency at the ith c.m. energy.
To determine the number of signal events, unbinned
maximum likelihood fits are performed to the distribu-
tions of MðγJ=ψÞ in the Xð3872Þ→ γJ=ψ mode and
Mðπþπ−J=ψÞ in the Xð3872Þ → πþπ−J=ψ mode, as
shown in Fig. 5. The signal probability density func-
tion (PDF) is described by an MC-simulated shape con-
volved with a Gaussian function, which models the
resolution difference between data and MC simulation.
The Gaussian parameters in the MðγJ=ψÞ fit are con-
strained to the values extracted from χcJ → γJ=ψ events,
which provide a higher statistical control sample. The
Gaussian parameters are free in the Mðπþπ−J=ψÞ fit.

In both cases, a linear function is used to model the
background. The fit yields NγJ=ψ ¼ 8.1� 3.9 and
Nπþπ−J=ψ ¼ 24.2� 5.2, where the uncertainties are statis-
tical only.
Based on the fit results of Fig. 5 and Eq. (1), the ratio

R ¼ 0.38� 0.20 is obtained. The statistical significance of
the Xð3872Þ → γJ=ψ signal is estimated by comparing the
difference in the log-likelihood values [Δð−2 lnLÞ ¼ 5.1]
with and without the signal in the fit, and also taking the
change of the number of degrees of freedom (Δndf ¼ 1)
into consideration. The statistical significance is found
to be 2.3σ, and an upper limit of R (RUL) is determined
via a Bayesian approach [53]. A likelihood profile LðRÞ is
performed with various assumptions for the value of R in
the fit. To incorporate the systematic uncertainty into the
upper limit, the likelihood distribution is convolved with a
Gaussian function with a width equal to the systematic
uncertainty (cf. Sec. VIII A). The RUL at 90% confidence
level (CL) is determined to be 0.83 by

R
RUL

0 LðRÞdR=Rþ∞
0 LðRÞdR ¼ 0.9. For comparison, Table I lists R
measured by BESIII with eþe− → γXð3872Þ and Belle
with B� → K�Xð3872Þ.

FIG. 5. The unbinned maximum likelihood fits to the distributions of MðγJ=ψÞ (left) and Mðπþπ−J=ψÞ (right). The dots with error
bars are data samples, the blue solid curves are the fit results, the red dashed and blue dotted lines represent signal and background
shapes, respectively.

TABLE I. The R measured by BESIII with eþe− → γXð3872Þ,
Belle with B� → K�Xð3872Þ, and this work, where the un-
certainty includes both statistical and systematic. The last row
shows the average of the three results.

Experiment R

BESIII [28] ½eþe− → γXð3872Þ� 0.79� 0.28
Belle [11,14] ½B� → K�Xð3872Þ� 0.21� 0.06
This work ½eþe− → ωXð3872Þ� 0.38� 0.20 (<0.83)
Average 0.25� 0.06
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V. σωXð3872Þ=σωχ cJ MEASUREMENT

The ratio of the cross section of eþe− → ωXð3872Þ to
that of eþe− → ωχcJ is derived by

σωXð3872Þ
σωχcJ

¼ NωXð3872Þ
NωχcJ

×
½εð1þ δÞ�AveωχcJ

BχcJ

f½εð1þ δÞ�Aveπþπ−J=ψ þ ½εð1þ δÞ�AveγJ=ψRgBXð3872Þ
;

ð2Þ

where NωXð3872Þ is the total signal yield of the eþe− →
ωXð3872Þ with Xð3872Þ → γJ=ψ and πþπ−J=ψ modes,
NωχcJ is the signal yield of e

þe− → ωχcJ with χcJ → γJ=ψ .
½εð1þ δÞ�AveωχcJ

, ½εð1þ δÞ�Aveπþπ−J=ψ and ½εð1þ δÞ�AveγJ=ψ are the

average of the product of selection efficiencies and ISR
factors at c.m. energies from 4.66 GeV to 4.95 GeV for these
processes, defined as ½εð1þ δÞ�Ave ¼ P

i Liσiεið1þ δÞi=P
i Liσi, where Li, σi, εi, and ð1þ δÞi are the luminosity,

cross section, selection efficiency, and ISR factor at the ith
c.m. energy. The ISR factor is calculated by KKMC with an
accuracy of 0.1% [54,55].BχcJ andBXð3872Þ are the branching
fractions of χcJ → γJ=ψ and Xð3872Þ → πþπ−J=ψ ,
respectively.
In the σωXð3872Þ=σωχcJ measurement, the two decay

modes, Xð3872Þ → γJ=ψ and πþπ−J=ψ , are considered
to extract the signal yields of ωXð3872Þ. A simultaneous fit
is conducted on the distributions of MðγJ=ψÞ in the γJ=ψ
mode and Mðπþπ−J=ψÞ in the πþπ−J=ψ mode, as shown
in Fig. 6. The PDF used in this fit is the same as that in the R
measurement (cf. Fig. 5), but R is fixed to the average value

FIG. 6. The simultaneous fit to the distributions ofMðγJ=ψÞ (left) andMðπþπ−J=ψÞ (right). The dots with error bars are data samples,
the blue solid curves are the fit results, the red dashed and blue dotted lines represent signal and background shapes, respectively.

FIG. 7. The 2D fit to theMðγJ=ψÞ andMðπþπ−π0Þ distributions. The dots with error bars are data samples, the solid curves are the fit
results, the thick dashed and dotted curves are ωχc1 (SωSχc1 ) and ωχc2 (SωSχc2 ) signals, respectively. The thin dotted, thin dashed, thin
dash-dotted, and thick dash-dotted represent χc1 non-ω (B3πSχc1 ), χc2 non-ω (B3πSχc2 ), ω non-χcJ (BγJ=ψSω), and non-ω non-χcJ
(B3πBγJ=ψ ), respectively.
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of 0.25� 0.06. Taking into account the efficiency, ISR
factor and branching fraction of Xð3872Þ → πþπ−J=ψ , the
fit yields

NωXð3872Þ
f½εð1þδÞ�Ave

πþπ−J=ψ
þ½εð1þδÞ�Ave

γJ=ψRgBXð3872Þ
¼ 3075� 616,

which represents the number of produced ωXð3872Þ
events.
For the ωχcJ events, there are potential peaking back-

grounds from πþπ−π0χcJ or ωð1420ÞχcJ, which are
observed in Fig. 2. To extract the signal yield NωχcJ , a
2D fit is performed to the MðγJ=ψÞ and Mðπþπ−π0Þ
distributions. The 2D PDF f2D is constructed with the
following six components:

f2D ¼ SωSχc1 þ SωSχc2 þ B3πSχc1 þ B3πSχc2 þ BγJ=ψSω

þ B3πBγJ=ψ ; ð3Þ

where SωSχcJ , B3πSχcJ , BγJ=ψSω, and B3πBγJ=ψ correspond
to ωχcJ, χcJ non-ω, ω non-χcJ, and non-ω non-χcJ
components, respectively. The symbols S and B stand
for the signal shape and background shape, respectively.
The signal shape is described by the MC-simulated shape
convolved with a Gaussian resolution. The background
shapes of BγJ=ψ and B3π are described by first-order and
second-order polynomial functions, respectively. Figure 7
shows the fit result, which yields Nωχc1 ¼ 46.3� 8.6 and
Nωχc2 ¼ 23.5� 7.2, where the uncertainties are statistical.
The significance of the χcJ signal is estimated using the
same method mentioned above. With the changes of log-
likelihood values Δð−2 lnLÞ ¼ 47.0 and 16.4 for the χc1
and χc2, respectively, as well as a change in the number of
degrees of freedom Δndf ¼ 1, the significance of ωχc1 and
ωχc2 signals is estimated to be 6.8σ and 4.0σ, respectively.

With the signal yields of ωXð3872Þ and ωχcJ, the
cross section ratios of σωXð3872Þ=σωχc1 ¼ 5.2� 1.0 and
σωXð3872Þ=σωχc2 ¼ 5.5� 1.1 are obtained from Eq. (2),
where the uncertainties are statistical only. The measured
results and related parameters in Eq. (2) are summarized
in Table II.

VI. σγXð3872Þ=σωXð3872Þ MEASUREMENT

The ratio of the cross sections of eþe− → γXð3872Þ to
eþe− → ωXð3872Þ is calculated using

σγXð3872Þ
σωXð3872Þ

¼ NγXð3872Þ
NωXð3872Þ

½εð1þ δÞ�AveωXð3872Þ
½εð1þ δÞ�AveγXð3872Þ

Bω; ð4Þ

where NγXð3872Þ and NωXð3872Þ are the signal yields of the
eþe− → γXð3872Þ and eþe− → ωXð3872Þ processes,
respectively. ½εð1þ δÞ�AveγXð3872Þ and ½εð1þ δÞ�AveωXð3872Þ are

the average of product of the selection efficiencies and
ISR factors at c.m. energies between 4.66 GeV and
4.95 GeV for the two processes. Bω is the product of
the branching fractions of ω → πþπ−π0 and π0 → γγ. Since
no obvious γXð3872Þ signal is observed, we determine the
upper limit on the cross section ratio σγXð3872Þ=σωXð3872Þ. An
unbinned maximum likelihood fit is performed to the
Mðπþπ−J=ψÞ distribution from the γXð3872Þ events.
The signal PDF is a MC-simulated shape convolved with
a Gaussian function, whose parameters are determined
from the fit to the γISRψð3686Þ → γISRπ

þπ−J=ψ events.
The signal yield of NωXð3872Þ ¼ 24.2� 5.2 is obtained in
Sec. IV, as shown in Fig. 5. Thus, the upper limit of
σγXð3872Þ=σωXð3872Þ < 0.23 at 90% CL is determined using
the same method described in Sec. IV. The systematic
uncertainty (cf. Sec. VIII C) is taken into account in the
upper limit.

VII. THE CROSS SECTION MEASUREMENT

The Born cross section of eþe− → ωXð3872Þ, ωχcJ at
measured c.m. energy

ffiffiffi
s

p
is calculated with

σBð ffiffiffi
s

p Þ ¼ N
Lintð1þ δÞ 1

j1−Πj2 εB
; ð5Þ

whereN is the signal yield,Lint is the integrated luminosity,
(1þ δ) is the ISR correction factor obtained from KKMC

[54,55], 1
j1−Πj2 is the vacuum polarization factor [61], ε is the

detection efficiency, and B is the product of the branching
fractions of the intermediate processes.
Figure 8 shows the cross sections at each c.m. energy for

the processes eþe− → ωXð3872Þ, eþe− → ωχc1 and
eþe− → ωχc2. The numerical results can be found in
Tables VIII–X. The fit results at each c.m. energy are
shown in Figs. 9 and 10. In the eþe− → ωXð3872Þ process,

TABLE II. The results of σωXð3872Þ=σωχcJ and the values of
related parameters in Eq. (2). The first uncertainties are statistical,
and the second systematic.

Parameter Value

NωXð3872Þ
f½εð1þδÞ�Ave

πþπ−J=ψ
þ½εð1þδÞ�Ave

γJ=ψRgBXð3872Þ
3075� 616

Nωχc1 46.3� 8.6
Nωχc2 23.5� 7.2
½εð1þ δÞ�Aveπþπ−J=ψ 0.22

½εð1þ δÞ�AveγJ=ψ 0.19

½εð1þ δÞ�Aveωχc1
0.23

½εð1þ δÞ�Aveωχc2
0.22

Bχc1 ð34.3� 1.0Þ% [53]
Bχc2 ð19.0� 0.5Þ% [53]
BXð3872Þ ð3.8� 1.2Þ% [53]
R 0.25� 0.06

σωXð3872Þ=σωχc1 5.2� 1.0� 1.9
σωXð3872Þ=σωχc2 5.5� 1.1� 2.4
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FIG. 8. The Born cross sections for the processes of eþe− → ωXð3872Þ (left), eþe− → ωχc1 (middle), and eþe− → ωχc2 (right) at
each c.m. energy. The errors are statistical only.

FIG. 9. The fits to the Mðπþπ−J=ψÞ distributions in the eþe− → ωXð3872Þ process at each c.m. energy. The dots with error bars are
data samples, and the solid curves are fit results.
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the cross section around 4.75 GeV exhibits a significant
increase compared to adjacent energies. This local excess in
the cross section near 4.75 GeV is also evident in the
eþe− → ωχc1 process.

VIII. SYSTEMATIC UNCERTAINTY

A. Systematic uncertainty for R

In the measurement of the ratio R, the common system-
atic uncertainties of Xð3872Þ → γJ=ψ and Xð3872Þ →
πþπ−J=ψ cancel out, including the ones due to the
luminosity, tracking efficiency of leptons, ISR correction,
the muon hit depth in the MUC, and branching frac-
tions of ω → πþπ−π0 and J=ψ → lþl−. The uncommon

systematic uncertainties mainly come from the tracking
efficiency of pions, photon reconstruction, kinematic fit,
MC model, and fit model.
For the ωXð3872Þ → ωγJ=ψ mode, the final states of

πþπ−γγlþl− are reconstructed. Taking a systematic uncer-
tainty of 1% per pion track [34], we assign 2% uncertainty
from the pion tracking efficiency. we also assign 2%
uncertainty from photon reconstruction by taking a sys-
tematic uncertainty of 1% per photon [62]. The systematic
uncertainty associated with the kinematic fit is estimated
by comparing the efficiency difference with and without
the correction of the helix parameters of charged tracks in
the MC simulations [63]. As a result, uncertainties of 1%
and 2.8% are assigned to the Xð3872Þ → γJ=ψ and

FIG. 10. The 2D fits to the MðγJ=ψÞ and Mðπþπ−π0Þ distributions in the eþe− → ωχcJ process at each c.m. energy. The dots with
error bars are data samples, and the solid curves are fit results.
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Xð3872Þ → πþπ−J=ψ modes, respectively. To estimate the
systematic uncertainty from the MCmodel, the phase space
model for the ωXð3872Þ and γJ=ψ processes is replaced by
a 1� cos2 θ distribution. The difference in efficiency is
found to be negligible. The systematic uncertainty related
to the fit is investigated by testing various background
shapes and changing the fit range. The difference in signal
yield is found to be negligible compared to other sources.
For the ωXð3872Þ → ωπþπ−J=ψ mode, the 5-track

(πþπ−π�lþl−γγ) and 6-track (πþπ−πþπ−lþl−γ) events
are reconstructed. According to the previous discussion, we
assign a 3% uncertainty from the pion tracking efficiency
and a 2% uncertainty from the photon reconstruction for the
5-track events. For the 6-track events, the uncertainties
from pion tracking efficiency and photon reconstruction are
4% and 1%, respectively. The systematic uncertainties from
kinematic fit, MC model, and fit are studied using the same
method as in the Xð3872Þ → γJ=ψ mode, with the uncer-
tainties from MC model and fit being negligible.
In the measurement of R, the uncertainties from the pion

tracking efficiency and the photon reconstruction in the two
decay modes of Xð3872Þ partially cancel out. Based on the
number of the pion track and photon in the two decay
modes, a 1% uncertainty from the pion tracking efficiency
contributes to R for the 5-track case of ωπþπ−J=ψ .
Similarly, 2% and 1% uncertainties respectively from the
pion tracking efficiency and photon reconstruction con-
tribute to R for the 6-track case of ωπþπ−J=ψ . The total
uncertainty is obtained by combining the uncertainties of
the 5-track (Δ5) and 6-track (Δ6) cases

ε5
ε5þε6

Δ5 þ ε6
ε5þε6

Δ6,
where ε5ð6Þ represents the selection efficiency of the 5-track
(6-track) events of ωπþπ−J=ψ .
Assuming all the sources of systematic uncertainties are

independent, the total systematic uncertainty inR is obtained
by adding them in quadrature, as listed in Table III.

B. Systematic uncertainty for σωXð3872Þ=σωχ cJ
In the measurement of the ratio σωXð3872Þ=σωχcJ , the

common systematic uncertainties from luminosity, tracking
efficiency of leptons, muon hit depth in the MUC, and
branching fractions of ω → πþπ−π0 and J=ψ → lþl− in
the ωXð3872Þ and ωχcJ channels cancel out.

The remaining uncertainties in the ωχcJ process include
the tracking efficiency of pions, photon reconstruction,
kinematic fit, MC model, ISR correction, branching frac-
tion of χcJ → γJ=ψ , and the uncertainty of NωχcJ . There are
2% uncertainty from the tracking efficiency of pions and
2% uncertainty from photon reconstruction, stemming
from the reconstruction of two pion tracks and two photons
in the ωχcJ process. The systematic uncertainties from
kinematic fit and MC model are estimated using the same
method as described in Sec. VIII A, with the uncertainty of
the MC model being negligible. The ISR correction factor
and efficiency depend on the input cross section line shape
in KKMC. By employing the cross section line shapes with
and without resonance (here a potential resonance structure
around 4.75 GeV in ωχcJ is used) as input, the difference in
½εð1þ δÞ�AveωχcJ

is taken as the systematic uncertainty which
is found to be small and can be disregarded. The uncer-
tainty of the branching fraction of χcJ → γJ=ψ is taken
from the PDG [53]. The statistical uncertainty of NωχcJ is
obtained from the fit as shown in Fig. 7.
For the ωXð3872Þ process, the remaining uncertainties

are the tracking efficiency of pions, photon reconstruction,
kinematic fit, MC model, ISR correction, branching frac-
tion of Xð3872Þ → πþπ−J=ψ and the uncertainty of R. As
both Xð3872Þ → γJ=ψ and Xð3872Þ → πþπ−J=ψ decay
modes are considered, these uncertainties are categorized
into two groups. The first group contains those with an
equal contribution to both modes, such as ISR correction,
the branching fraction of Xð3872Þ → πþπ−J=ψ , and the
uncertainty of R. The second group comprises uncertainties
that do not equally contribute to the two modes, which
include the tracking efficiency of the pion, photon
reconstruction, and kinematic fit.
For the first group, the uncertainty of the ISR correction is

estimated using the samemethod as in theωχcJ process. The
uncertainty of the branching fraction of Xð3872Þ →
πþπ−J=ψ is quoted from the PDG [53]. In the simultaneous
fit of Fig. 6, R ¼ 0.25� 0.06 is used as an input parameter.
By varying the value of R within �1σ, the difference in the
signal yield of ωXð3872Þ is taken as the systematic
uncertainty.
The second group of uncertainties cancel out in

σωXð3872Þ=σωχcJ for the Xð3872Þ → γJ=ψ mode, as the
same final states are reconstructed in the processes
ωXð3872Þ and ωχcJ. As for the Xð3872Þ → πþπ−J=ψ
mode, these uncertainties in σωXð3872Þ=σωχcJ are identical
to those in R (cf. Sec. VIII A), thus we omit the redundant
discussions here. To incorporate the second group of
uncertainties in the two decay modes of Xð3872Þ, we
calculate the weighted average of the uncertainties as

ΔAve ¼
X2

i¼1

ωiΔi; ωi ¼
εiBiP
2
i¼1 εiBi

; ð6Þ

TABLE III. The sources of systematic uncertainties and their
contributions (in %) to R.

Source Uncertainty

Tracking 1.7
Photon 0.7
Kinematic fit in Xð3872Þ → γJ=ψ 1.0
Kinematic fit in Xð3872Þ → πþπ−J=ψ 2.8

Total 3.5
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whereΔAve is the average systematic uncertainty, ωi,Δi, εi,
and Bi are the weight, systematic uncertainty, selection
efficiency, and branching fraction, respectively, with i ¼ 1
for the Xð3872Þ → γJ=ψ mode and i ¼ 2 for the
Xð3872Þ → πþπ−J=ψ mode.
Assuming all the sources of systematic uncertainties

are independent, the total systematic uncertainty in the
ratio σωXð3872Þ=σωχcJ is obtained by adding them in quad-
rature. Table IV summarizes all sources of systematic
uncertainties and their contributions to the uncertain of
the ratio σωXð3872Þ=σωχcJ .

C. Systematic uncertainty for σγXð3872Þ=σωXð3872Þ
In the measurement of the ratio σγXð3872Þ=σωXð3872Þ, the

systematic uncertainties common to both the γXð3872Þ and
ωXð3872Þ processes, such as the luminosity, tracking
efficiency of leptons, branching fractions of Xð3872Þ →
πþπ−J=ψ and J=ψ → lþl− cancel out. The uncommon
systematic uncertainties include the tracking efficiency of
pion, photon reconstruction, kinematic fit, ISR correction,
muon hit depth in the MUC, fit and NωXð3872Þ.
For the γXð3872Þ process, the final states of γπþπ−lþl−

are reconstructed. Therefore, a 2% uncertainty from the
tracking efficiency of pions and a 1% uncertainty from
photon reconstruction are assigned. The study of the
systematic uncertainties from the kinematic fit, ISR cor-
rection, and the fit also follows Sec. VIII A. It is found that
the uncertainties from the ISR correction and fit are
negligible.
For the ωXð3872Þ process, the uncertainties from the

tracking efficiency of pions, photon reconstruction, kin-
ematic fit, and ISR correction have already been discussed
in Secs. VIII A and VIII B. The systematic uncertainty from
the requirement of the muon hit depth in the MUC is
studied with the control sample of eþe− → μþμ−, the
difference in efficiency between the data and MC

simulation due to the requirement is taken as the systematic
uncertainty. The statistical uncertainty of NωXð3872Þ is
obtained from the fit as shown in Fig. 5.
The uncertainties from the tracking efficiency of pions

and photon reconstruction in the γXð3872Þ and ωXð3872Þ
processes partially cancel out. Similar to the discussion in
Sec. VIII A, we assign 1% uncertainty from the tracking
efficiency of pions and 1% uncertainty from the photon
reconstruction for the 5-track case of ωπþπ−J=ψ . A 2%
uncertainty from the tracking efficiency of pions is assigned
for the 6-track case of ωπþπ−J=ψ . The uncertainties of
the 5-track and 6-track cases are then combined by
ε5

ε5þε6
Δ5 þ ε6

ε5þε6
Δ6.

Assuming all the sources of systematic uncertainties are
independent, the total systematic uncertainty in the ratio
σγXð3872Þ=σωXð3872Þ is obtained by adding them in quad-
rature, as shown in Table V.

D. Systematic uncertainty
of the cross section measurement

The systematic uncertainties in the cross section meas-
urement mainly come from the luminosity, tracking
efficiency, photon reconstruction, kinematic fit, ISR cor-
rection, muon hit depth in the MUC, branching fractions,
and fit. The integrated luminosity is measured using
Bhabha events with an uncertainty of 0.6% [43]. All
other uncertainties are studied in previous sections, and

TABLE IV. The sources of systematic uncertainties and their
contributions (in %) to σωXð3872Þ=σωχc1 (σωXð3872Þ=σωχc2 ). Δ1 and
Δ2 represent the uncertainties associated with the Xð3872Þ →
γJ=ψ and Xð3872Þ → πþπ−J=ψ modes, respectively, their
weighted average ΔAve is calculated with Eq. (6).

Source Δ1 Δ2 ΔAve

BðχcJ → γJ=ψÞ 2.9 (2.6) 2.9 (2.6)
NωχcJ 18.6 (30.7) 18.6 (30.7)
ISR correction of ωXð3872Þ 3.0 3.0
BðXð3872Þ → πþπ−J=ψÞ 31.6 31.6
R 2.0 2.0
Tracking � � � 1.7 1.4
Photon � � � 0.7 0.6
Kinematic fit of ωχcJ � � � 1.0 (1.0) 0.8 (0.8)
Kinematic fit of ωXð3872Þ � � � 2.8 2.3

Total 37.0 (44.3) 37.1 (44.4) 37.1 (44.4)

TABLE V. The sources of systematic uncertainties and their
contributions (in %) to σγXð3872Þ=σωXð3872Þ.

Source Uncertainty

Tracking 1.7
Photon 0.3
Kinematic fit of γXð3872Þ 1.3
Kinematic fit of ωXð3872Þ 2.8
ISR correction of ωXð3872Þ 3.0
MUC 1.9
NωXð3872Þ 21.5

Total 22.1

TABLE VI. The sources of systematic uncertainties and their
contributions (in %) to the cross section of eþe− → ωXð3872Þ.

Source Uncertainty

Luminosity 0.6
Tracking 5.7
Photon 1.3
Kinematic fit 2.8
ISR correction 3.0
BðJ=ψ → lþl−Þ 0.6
MUC 1.9

Total 7.5
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summarized in Table VI for the eþe− → ωXð3872Þ process
and Table VII for the eþe− → ωχcJ process.

IX. SUMMARY

In summary, with the data sets taken at c.m. energies
from 4.66 to 4.95 GeV, corresponding to an integrated
luminosity of 4.5 fb−1, we have studied the processes
eþe− → ωXð3872Þ and eþe− → γXð3872Þ. Through the
channel eþe− → ωXð3872Þ, we have measured the ratio
R≡ BðXð3872Þ→γJ=ψÞ

BðXð3872Þ→πþπ−J=ψÞ as 0.38�0.20stat�0.01syst (R < 0.83

at 90% CL), which agrees with Belle’s measurement
and the previous BESIII’s measurement of the eþe− →
γXð3872Þ process. R is currently limited by statistics.
In addition, using two decay modes of the Xð3872Þ,

Xð3872Þ → πþπ−J=ψ and γJ=ψ , we have measured the
ratios of average cross sections between 4.66 GeV and
4.95 GeV, σωXð3872Þ=σωχc1 ¼ 5.2� 1.0stat � 1.9syst and
σωXð3872Þ=σωχc2 ¼ 5.5� 1.1stat � 2.4syst. The relatively
large cross section for the eþe− → ωXð3872Þ process is
mainly attributed to the cross section enhancement around
4.75 GeV, which may indicate a potential structure in the
cross section of eþe− → ωXð3872Þ. We have also searched
for the process of eþe− → γXð3872Þ within the same
energy range, but have not observed an obvious signal.
We set the upper limit on the cross section ratio as
σγXð3872Þ=σωXð3872Þ < 0.23 at 90% CL. These measure-
ments provide key inputs for a deeper understanding of
the production of the Xð3872Þ [64–71].
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TABLE VII. The sources of systematic uncertainties and their
contributions (in %) to the cross section of eþe− → ωχc1ðωχc2Þ.

Source Uncertainty

Luminosity 0.6
Tracking 4.0
Photon 2.0
Kinematic fit 1.0
BðχcJ → γJ=ψÞ 2.9 (2.6)
BðJ=ψ → lþl−Þ 0.6
MUC 1.9

Total 5.8 (5.7)

TABLE VIII. The product of Born cross section of eþe− →
ωXð3872Þ and the branching fraction of Xð3872Þ →
πþπ−J=ψσBB (pb) at each measured c.m. energy

ffiffiffi
s

p
(GeV).

The table also includes the integrated luminosity Lint (pb−1), the
detection efficiency ε (%), the product of the ISR correction
factor and vacuum polarization factor 1þδ

j1−Πj2 and the number of the

signal yield N at each c.m. energy. The first uncertainty is
statistical and the second systematic.

ffiffiffi
s

p
Lint ε 1þδ

j1−Πj2 N σBB

4.66 529.63 29.01 0.50 0.0þ1.3
−0.0 0.0þ0.16

−0.0 � 0.01
4.68 1669.31 28.71 0.72 6.9þ3.1

−2.4 0.19þ0.08
−0.07 � 0.01

4.70 536.45 28.07 0.74 0.0þ1.3
−0.0 0.0þ0.11

−0.0 � 0.01
4.74 164.27 29.27 0.71 1.6þ1.8

−1.1 0.44þ0.50
−0.30 � 0.03

4.75 367.21 28.91 0.81 6.1þ3.0
−2.3 0.67þ0.33

−0.25 � 0.05
4.78 512.78 23.39 1.22 2.0þ1.8

−1.1 0.13þ0.12
−0.07 � 0.01

4.84 527.29 14.14 1.85 5.4þ2.9
−2.2 0.37þ0.20

−0.15 � 0.03
4.92 208.11 10.55 2.56 1.0þ1.4

−0.7 0.17þ0.24
−0.12 � 0.01

4.95 160.37 9.67 2.49 0.0þ1.3
−0.0 0.0þ0.32

−0.0 � 0.02

TABLE IX. The Born cross section σB (pb) for eþe− → ωχc1 at
each measured c.m. energy

ffiffiffi
s

p
(GeV). The table also includes

the integrated luminosity Lint (pb−1), the detection efficiency
ε (%), the product of the ISR correction factor and vacuum
polarization factor 1þδ

j1−Πj2 and the number of the signal yield N at

each c.m. energy. The first uncertainty is statistical and the second
systematic.

ffiffiffi
s

p
Lint ε 1þδ

j1−Πj2 N σB

4.66 529.63 18.59 1.41 10.0þ4.5
−3.8 2.00þ0.89

−0.75 � 0.12
4.68 1669.31 16.04 1.69 12.3þ5.2

−4.6 0.75þ0.32
−0.28 � 0.04

4.70 536.45 13.37 2.13 4.2þ2.9
−2.1 0.75þ0.52

−0.38 � 0.04
4.74 164.27 16.62 1.25 0.9þ1.4

−0.8 0.74þ1.16
−0.61 � 0.04

4.75 367.21 19.25 1.02 5.2þ3.1
−2.3 2.00þ1.17

−0.89 � 0.12
4.78 512.78 20.62 1.03 7.9þ3.6

−2.9 1.99þ0.92
−0.74 � 0.12

4.84 527.29 18.27 1.31 4.6þ3.0
−2.2 1.01þ0.66

−0.48 � 0.06
4.92 208.11 15.64 1.55 1.2þ1.6

−0.8 0.63þ0.87
−0.46 � 0.04

4.95 160.37 14.78 1.62 0.0þ1.3
−0.0 0.0þ0.92

−0.0 � 0.05

TABLE X. The Born cross section σB (pb) for eþe− → ωχc2 at
each measured c.m. energy

ffiffiffi
s

p
(GeV). The table also includes

the integrated luminosity Lint (pb−1), the detection efficiency
ε (%), the product of the ISR correction factor and vacuum
polarization factor 1þδ

j1−Πj2 and the number of the signal yield N at

each c.m. energy. The first uncertainty is statistical and the second
systematic.

ffiffiffi
s

p
Lint ε 1þδ

j1−Πj2 N σB

4.66 529.63 17.54 1.32 8.9þ4.5
−3.8 3.61þ1.83

−1.54 � 0.21
4.68 1669.31 17.08 1.35 11.0þ5.2

−4.4 1.41þ0.66
−0.57 � 0.08

4.70 536.45 16.81 1.38 1.8þ2.3
−1.5 0.71þ0.92

−0.59 � 0.04
4.74 164.27 15.98 1.43 0.0þ1.3

−0.0 0.0þ1.72
−0.0 � 0.10

4.75 367.21 16.15 1.45 0.0þ1.1
−0.0 0.0þ0.62

−0.0 � 0.04
4.78 512.78 15.82 1.48 0.0þ1.3

−0.0 0.0þ0.54
−0.0 � 0.03

4.84 527.29 15.26 1.56 2.3þ2.7
−2.1 0.91þ1.05

−0.81 � 0.05
4.92 208.11 14.53 1.64 1.8þ1.8

−1.1 1.85þ1.82
−1.14 � 0.11

4.95 160.37 13.99 1.67 0.0þ1.3
−0.0 0.0þ1.71

−0.0 � 0.10
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