
gives B½J=ψ→γXð1835Þ$B½Xð1835Þ→η0πþπ−$¼ð3.72'
0.21Þ×10−4, and B½J=ψ → γXð1870Þ$B½Xð1870Þ →
η0πþπ−$ ¼ ð1.57' 0.09Þ × 10−5. In this model, the
Xð1920Þ is not included in the fit because its significance
is just 3.9σ. Considering systematic uncertainties (see below),
the significance of Xð1870Þ is larger than 7σ.
The systematic uncertainties come from data-MC

differences in the tracking, photon detection and particle
identification efficiencies, the kinematic fit, requirements
on the invariant mass distribution of γγ, signal selection of
ρ0, η, and η0, total number of J=ψ events, branching
fractions for intermediate states decays, fit ranges, back-
ground descriptions, mass resolutions, and the intermediate
structure of πþπ−. In the first model, the dominant terms are
the fit range, the background description, and the inter-
mediate structure of πþπ−. Considering all systematic
uncertainties, the final result is shown in Table I. For the
second model, the dominant two systematic sources are the
background description and the intermediate structure of
πþπ−. Considering all systematic uncertainties, the final
result is shown in Table II.
In summary, the J=ψ → γη0πþπ− process is studied with

1.09 × 109 J=ψ events collected at the BESIII experiment
in 2012. We observed a significant distortion of the η0πþπ−

line shape near the pp̄ mass threshold that cannot be
accommodated by an ordinary Breit-Wigner resonance

function. Two typical models for such a line shape are
used to fit the data. The first model assumes the state
around 1.85 GeV=c2 couples with the pp̄ and the dis-
tortion reflects the opening of the pp̄ decay channel.
The fit result for this model yields a strong coupling
between the broad structure and the pp̄ of g2pp̄=g20 ¼
2.31' 0.37þ0.83

−0.60 , with a statistical significance larger
than 7σ for being nonzero. The pole nearest to the pp̄
mass threshold of this state is located at Mpole ¼
1909.5' 15.9ðstatÞþ9.4

−27.5ðsystÞ MeV=c2 and Γpole ¼
273.5' 21.4ðstatÞþ6.1

−64.0ðsystÞ MeV=c2. The second model
assumes the distortion reflects interference between the
Xð1835Þ and another resonance with mass close to the pp̄
mass threshold. A fit with this model uses a coherent sum
of two interfering Breit-Wigner amplitudes to describe the
η0πþπ− mass spectrum around 1.85 GeV=c2. This fit yields
a narrow resonance below the pp̄ mass threshold with
M¼1870.2'2.2ðstatÞþ2.3

−0.7ðsystÞMeV=c2 and Γ ¼ 13.0'
6.1ðstatÞþ2.1

−3.8ðsystÞ MeV=c2, with a statistical significance
larger than 7σ. With current data, both models fit the data
well with fit qualities, and both suggest the existence of a
state, either a broad state with strong couplings to the pp̄, or
a narrow state just below the pp̄ mass threshold. For the
broad state above the pp̄ mass threshold, its strong
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FIG. 4. Fit results of using a coherent sum of two Breit-Wigner
amplitudes. The dashed dotted vertical line shows the position of
the pp̄ mass threshold, the dots with error bars are data, the solid
curves are total fit results, the dashed curves are the sum of
Xð1835Þ and Xð1870Þ, the short-dashed curves are the f1ð1510Þ,
the dash-dotted curves are the Xð2120Þ, the long-dashed curves
are nonresonant η0πþπ− fit results, and the shaded histograms are
background events. The inset shows the data and the global fit
between 1.8 and 1.95 GeV=c2.

TABLE I. Fit results of using the Flatté formula. The first errors
are statistical errors, and the second errors are systematic errors;
the branching ratio is the product of BðJ=ψ → γXÞ and
BðX → η0πþπ−Þ.

The state around 1.85 GeV=c2

M (MeV=c2) 1638.0' 121:9þ127.8
−254.3

g20 [ðGeV=c2Þ2] 93.7' 35:4þ47.6
−43.9

g2pp̄=g20 2.31' 0.37þ0.83
−0.60

Mpole (MeV=c2) 1909.5' 15:9þ9.4
−27.5

Γpole (MeV=c2) 273.5' 21:4þ6.1
−64.0

Branching ratio ð3.93' 0.38þ0.31
−0.84 Þ × 10−4

TABLE II. Fit results using a coherent sum of two Breit-Wigner
amplitudes. The first errors are statistical errors, and the second
errors are systematic errors; the branching ratio (B.R.) is the
product of BðJ=ψ → γXÞ and BðX → η0πþπ−Þ.

Xð1835Þ
Mass (MeV=c2) 1825.3' 2.4þ17.3

−2.4
Width (MeV=c2) 245.2' 13:1þ4.6

−9.6
B.R. (constructive interference) ð3.01' 0.17þ0.26

−0.28 Þ × 10−4

B.R. (destructive interference) ð3.72' 0.21þ0.18
−0.35 Þ × 10−4

Xð1870Þ
Mass (MeV=c2) 1870.2' 2.2þ2.3

−0.7
Width (MeV=c2) 13.0' 6.1þ2.1

−3.8
B.R. (constructive interference) ð2.03' 0.12þ0.43

−0.70 Þ × 10−7

B.R. (destructive interference) ð1.57' 0.09þ0.49
−0.86 Þ × 10−5

PRL 117, 042002 (2016) P HY S I CA L R EV I EW LE T T ER S
week ending
22 JULY 2016

042002-6


