
of 0.6 MeV=c2 in the calibration procedure as the system-
atic uncertainty due to the mass scale. The resolution
difference between the data and MC simulation is also
estimated by the ψ 0 signal. Varying the resolution parameter
by!1σ, the mass difference in the fit is 0.2 MeV=c2, which
is taken as the systematic uncertainty from resolution. In
the Xð3823Þ mass fit, a MC-simulated histogram with the
width of Xð3823Þ state set to zero is used to parameterize
the signal shape. We replace this histogram with a simu-
lated Xð3823Þ resonance with a width of 1.7 MeV [13] and
repeat the fit; the change in the mass for this fit,
0.2 MeV=c2, is taken as the systematic uncertainty due
to the signal parameterization. Likewise, changes measured
with a background shape from MC-simulated ðη0=γωÞJ=ψ
events or a second-order polynomial indicate a systematic
uncertainty associated with the background shape of
0.2 MeV=c2 in mass. Assuming that all the sources are
independent, the total systematic uncertainty is calculated
by adding the individual uncertainties in quadrature,
resulting in 0.7 MeV=c2 for the Xð3823Þ mass measure-
ment. For the Xð3823Þ width, we measure the upper limits
with the above systematic checks, and report the most
conservative one.
The systematic uncertainties in the cross section meas-

urement mainly come from efficiencies, signal parameter-
ization, background shape, decay model, radiative
correction, and luminosity measurement. The luminosity
is measured using Bhabha events, with an uncertainty of
1.0%. The uncertainty in the tracking efficiency for high
momentum leptons is 1.0% per track. Pions have momenta
that range from 0.1 to 0.6 GeV=c, and the momentum-
weighted uncertainty is 1.0% per track. In this analysis, the
radiative transition photons have energies from 0.3 to
0.5 GeV. Studies with a sample of J=ψ → ρπ events show
that the uncertainty in the reconstruction efficiency for
photons in this energy range is less than 1.0%.
The same sources of signal parameterization and back-

ground shape as discussed in the systematic uncertainty of

Xð3823Þ mass measurement would contribute 4.0% and
8.8% differences in Xð3823Þ signal events yields, which are
taken as systematic uncertainties in the cross section
measurement. Since the Xð3823Þ is a candidate for the
ψ2 charmonium state, we try to model the eþe− →
πþπ−Xð3823Þ process with aDwave in theMC simulation.
The efficiency difference between the D-wave model and
three-body phase space is 3.8%, which is quoted as the
systematic uncertainty for the decay model. The eþe− →
πþπ−Xð3823Þ line shape affects the radiative correction
factor and detection efficiency. The radiator function is
calculated from QED with 0.5% precision [25]. As dis-
cussed above, both Yð4360Þ line shapes [19,26] and the
ψð4415Þ line shape describe the cross section of eþe− →
πþπ−Xð3823Þ reasonably well. We take the difference for
ð1þ δÞϵ between Yð4360Þ line shapes and the ψð4415Þ line
shape as its systematic uncertainty, which is 6.5%.
Since the event topology in this analysis is quite similar

to eþe− → γπþπ−J=ψ [10], we use the same systematic
uncertainties for the kinematic fit (1.5%) and the J=ψ mass
window (1.6%). The uncertainties on the branching ratios
for χc1;c2 → γJ=ψ (3.6%) and J=ψ → lþl− (0.6%) are
taken from the PDG [2]. The uncertainty fromMC statistics
is 0.3%. The efficiencies for other selection criteria, the
trigger simulation [27], the event-start-time determination,
and the final-state-radiation simulation are very high
(>99%), and their systematic uncertainties are estimated
to be less than 1%.
Assuming that all the systematic uncertainty sources are

independent, we add all of them in quadrature. The total
systematic uncertainty in the cross section measurements is
estimated to be 13.8%.
In summary, we observe a narrow resonance, Xð3823Þ,

through the process eþe− → πþπ−Xð3823Þwith a statistical
significance of 6.2σ. The measured mass of the Xð3823Þ
state is ð3821.7! 1.3! 0.7Þ MeV=c2, where the first error
is statistical and the second systematic, and the width is less
than 16 MeV at the 90% C.L. Our measurement agrees
well with the values found by the Belle Collaboration
[13]. The production cross sections of σB½eþe− →
πþπ−Xð3823Þ&B½Xð3823Þ → γχc1; γχc2& are also measured
at

ffiffiffi
s

p
¼ 4.230, 4.260, 4.360, 4.420, and 4.600 GeV.

The Xð3823Þ resonance is a good candidate for the
ψð1 3D2Þ charmonium state. According to potential models
[1], the D-wave charmonium states are expected to be
within a mass range of 3.82 to 3.85 GeV. Among these, the
1 1D2 → γχc1 transition is forbidden due to C-parity con-
servation, and the amplitude for 1 3D3 → γχc1 is expected
to be small [28]. The mass of ψð1 3D2Þ is in the
3.810–3.840 GeV=c2 range that is expected for several
phenomenological calculations [29]. In this case, the mass
of ψð1 3D2Þ is above the DD̄ threshold but below the DD̄(

threshold. Since ψð1 3D2Þ → DD̄ violates parity, the
ψð1 3D2Þ state is expected to be narrow, in agreement
with our observation, and ψð1 3D2Þ → γχc1 is expected to
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FIG. 3 (color online). (a) The Xð3823Þ scattering angle
distribution for Xð3823Þ signal events, the inset shows the
corresponding Mðπþπ−Þ invariant mass distribution per
20 MeV=c2 bin; and (b) fit to the energy-dependent cross
section of σB½eþe− → πþπ−Xð3823Þ&B½Xð3823Þ → γχc1& with
the Yð4360Þ (red solid curve) and the ψð4415Þ (blue dashed
curve) line shapes. Dots with error bars are data. The red
solid (blue dashed) histogram in (a) is MC simulation with a
D wave (S wave).
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