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Summary. — The BESIII experiment, running at 2–4.6 GeV center-of-mass energy,
has collected the largest ψ′ and J/ψ samples. New results using the data collected
by the BESIII detector are presented, which include the measurement of the spin
singlet state hc(1P ) from ψ′ decays, the χc0 and χc2 decays into π0π0 and ηη and
the χcJ decays to vector meson pairs (ωω, φφ, ωφ). We also confirmed the pp̄
threshold enhancement, which was observed in J/ψ → γpp̄ at BESII, from the
decays of ψ′ → π+π−J/ψ(J/ψ → γpp̄) and J/ψ → γpp̄, respectively. The X(1835)
is confirmed too in J/ψ → γη′π+π−.

PACS 13.25.Gv – Decays of J/ψ, Υ, and other quarkonia.
PACS 14.40.Pq – Heavy quarkonia.

1. – Introduction

The upgraded Beijing Electron Positron Collider (BEPCII) is an electron-positron
accelerator with separate storage rings for each beam. It is designed to run with 93
bunches for a maximum current of 910 mA per beam. The center-of-mass energy ECM

range of the e+e− collisions is 2.0–4.6 GeV. The designed luminosity is 1×1033 cm−2 s−1

for ECM = M [ψ(3770)] and 0.6 × 1033 cm−2 s−1 near M [J/ψ] and ECM > 4 GeV.
The BESIII [1] detector is designed to study the τ -charm physics [2]. The cylindrical

BESIII is composed of a helium-gas based drift chamber (MDC), a Time-of-Flight (TOF)
system, a CsI(Tl) Electro-Magnetic Calorimeter (EMC) and a RPC-based muon cham-
ber (MUC) with a superconducting magnet providing 1.0 T magnetic field in the central
region of BESIII. The nominal detector acceptance is 93% of 4π. The expected charged
particle momentum resolution and photon energy resolution are 0.4% and 2.5% at 1 GeV,
respectively. The photon energy resolution at BESIII is much better than that at BESII
and comparable to those at CLEO [3] and Crystal Ball [4]. Precise measurement of en-
ergies of photons enables the BESIII experiment to study physics involving photons, π0

and η with high accuracy. The read out system of EMC is based on FADC. To reduce
incoherent noise such us beam gas and electronic noise and improve the energy resolu-
tion, a time information is recorded by counting the timing step number in FADC with
a precision of 50 ns besides the read out of energy information [5].

(∗) E-mail: zuojx2010@gmail.com
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Fig. 1. – The π0 recoil mass spectrum and fit for the E1-tagged analysis of ψ′ → π0hc, hc → γηc.
Fits are shown as solid lines, background as dashed lines. The insets show the background-
subtracted spectra.

Since July 19, 2008, the first collision happened, the BESIII has collected 106M ψ′

events and 226M J/ψ events which are the largest ψ′ and J/ψ data samples. A continuum
sample of 42.6 pb−1 at 3.65 GeV is also accumulated.

The optimization of the event selection and the estimation of physics backgrounds are
performed through Monte Carlo simulations. The GEANT4-based simulation software
BOOST [6] includes the geometric and material description of the BESIII detectors,
the detector response and digitization models, as well as the tracking of the detector
running conditions and performance. The production of the ψ′ and J/ψ resonances are
simulated by the Monte Carlo event generator KKMC [7], while the decays are generated
by EvtGen [8] for known decay modes with branching ratios being set to the PDG [9]
world average values, and by Lundcharm [10] for the remaining unknown decays. The
analysis is performed in the framework of the BESIII Offline Software System (BOSS) [11]
which takes care of the detector calibration, event reconstruction and data storage.

With such large data samples, the J/ψ and ψ′ decay modes can be measured much
more precisely than before. Using J/ψ decays, one can study light hadron spectroscopy
and search for new hadronic states. With BESIII, the CKM matrix elements Vcs, Vcd

and Vus will be extracted with an expected smaller systematic error. The D− D̄ mixing
measurement and searching for CP -violation will be possible.

2. – hc measurement

Although the charmonium family of mesons composed of a charmed quark and its own
antiquark (cc̄) has been studied for many years, knowledge is sparse on the singlet state
hc(1P1). Early predictions for the properties of the hc are found in refs. [12, 13]. Many
theoretical methods are used to study its branching ratios [14-16] and other physics [17].
The CLEO Collaboration first observed the hc in the cascade process ψ′ → π0hc, hc →
γηc in both inclusive and exclusive measurements [18-20]. The E835 experiment [21]
scanned antiproton energy and observed pp̄ → hc → γηc. We present the measurements
of hc from ψ′ → π0hc, hc → γηc below.

Figure 1 shows the π0 recoil mass spectrum and fit for the E1-tagged analysis of
ψ′ → π0hc, hc → γηc. In E1-tagged selection, we require one photon in the energy
range 465–535 MeV. The hc signals are described by Breit-Wigner functions convoluted
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Fig. 2. – The π0 recoil mass spectrum and fit for the inclusive analysis of ψ′ → π0hc. Fits are
shown as solid lines, background as dashed lines. The insets show the background-subtracted
spectra.

with the instrument resolution function obtained by fitting E1-tagged hc MC simulation.
The fit results are NE1 = 3679 ± 319, M(hc) = 3525.40 ± 0.13 ± 0.18 MeV/c2, and
Γ(hc) = 0.73 ± 0.45 ± 0.28 MeV with χ2/d.o.f = 33.5/36.0 (p value 58.8%). The signal
significance is 18.6σ for the hc signal.

In fig. 2’s fit, the mass and width of hc are fixed to the values obtained from the
E1-photon tagged analysis. The background is parameterized by a 4th-order Chebychev
polynomial. The fit result is N tot = 10353 ± 1097 with χ2/d.o.f = 24.5/34. The signal
significance is 9.5σ.

Using those fit results, we find B(ψ′ → π0hc) = (8.4 ± 1.3 ± 1.0) × 10−4, B(ψ′ →
π0hc)×B(hc → γηc) = (4.58±0.40±0.50)×10−4, and B(hc → γηc) = (54.3±6.7±5.2)%.
Our measurements of B(ψ′ → π0hc) and B(hc → γηc) and information about the hc width
are the first experimental results for these quantities. The determinations of M(hc) and
B(ψ′ → π0hc) × B(hc → γηc) are consistent with published CLEO results [19] and of
comparable precision. The analysis results have been published [22].

3. – Confirmation of pp̄ mass threshold enhancement and X(1835)

An anomalously strong pp̄ mass threshold enhancement was observed by the BESII
experiment in the radiative decay process J/ψ → γpp̄ [23]. An interesting feature of
this enhancement is that corresponding structures are not observed in near-threshold pp̄
cross section measurements [24-28]. These non-observations disfavor the attribution of
the mass-threshold enhancement to the pure effects of pp̄ final state interactions (FSI).
This observation stimulated a number of theoretical speculations [29-32]. One of these is
the intriguing suggestion that it is an example of a pp̄ bound state [33], sometimes called
baryonium [34]. A resonance, the X(1835), was observed in the π+π−η′ invariant-mass
spectrum with a statistical significance of 7.7σ at BESII [35]. The mass and width of
X(1835) are not compatible with any known meson resonance. With BESIII’s larger data
samples, it is important to confirm those measurements. The improved measurement will
be useful to understand the truth of the threshold enhancement and X(1835).

After the selection [36], we get the similar characterize of the pp̄ mass threshold
enhancement. We fit it with an acceptance weighted Breit-Wigner (BW) function of the
form BW (M) ∝ q2L+1k3

(M2−M2
0 )2+M2

0Γ2 , where Γ is a constant (determined from fit), q is the
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Fig. 3. – (a) The pp̄ invariant mass spectrum for the ψ′ → π+π−J/ψ(J/ψ → γpp̄) after final
event selection. The solid curve is the fit result; the dashed curve shows the fitted background
function, and the dash-dotted curve indicates how the acceptance varies with pp̄ invariant mass.
(b) The pp̄ invariant mass spectrum in the threshold region for the selected ψ′ → γpp̄ candidate
events with ψ′ data.

proton momentum in the pp̄ rest-frame, L is the pp̄ orbital angular momentum, and k
is the photon momentum, together with the background shape. Here, the background
shape is described by the function of the form fbkg(δ) = N(δ1/2 +a1δ

3/2 +a2δ
5/2), where

δ = Mpp̄−2mp and the shape parameters a1 and a2 are determined from a fit to selected
γpp̄ events for ψ′ → π+π−J/ψ(J/ψ → γpp̄) phase-space MC sample. The mass spectrum
fitting with S-wave (L = 0) in the threshold mass region of Mpp̄ − 2mp < 0.3 GeV/c2

is shown in fig. 3(a), and it yields a peak mass of M = 1861+6
−13 (stat)+7

−26 (syst) MeV/c2

and a width of Γ < 38MeV/c2 at the 90% CL. In the study of ψ′ → γpp̄ with ψ′ data,
there is no significant narrow threshold enhancement as shown in fig. 3(b). It indicates
that the strong pp̄ threshold enhancement observed in J/ψ radiative decay is disfavored
for the interpretation of pure final state interactions (FSI).

For the J/ψ → γπ+π−η′(η′ → γρ) channel, the π+π−η′ invariant-mass spectrum
for the selected events is shown in fig. 4(a) and significant peak at M ∼ 1835 MeV/c2

is observed. If it is fitted with one resonance plus a polynomial background shape,
the statistical significance of the resonance is about 9σ as shown in fig. 4(b). In the
J/ψ → γπ+π−η′(η′ → π+π−η, η → γγ) mode, the π+π−η′ invariant-mass spectrum for
the selected events is shown in fig. 5(a) and significant peak at M ∼ 1835 MeV/c2 is
also observed. If it is fitted with one resonance plus a polynomial background shape, the
statistical significance of the resonance is about 18σ as shown in fig. 5(b).

Figure 6 shows the π+π−η′ invariant-mass spectrum for the combined J/ψ →
γπ+π−η′(η′ → γρ) and J/ψ → γπ+π−η′(η′ → π+π−η). It is fitted with a Breit-Wigner
function convolved with a Gaussian mass resolution function. The mass and width ob-
tained from the fit are M = 1842.4± 2.8(stat) MeV/c2 and Γ = 99.2± 9.2 (stat) MeV/c2

with a statistical significance of 21σ. These values are consistent with the published
BESII results [35].

4. – χcJ to two vector meson decays

In the quark model, the χcJ (J = 0, 1, 2) mesons are L = 1 cc̄ states. The measure-
ments of the branching fraction of the hadronic χcJ decay channels are mandatory to
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Fig. 4. – Candidate events after final event selection for J/ψ → γπ+π−η′(η′ → γρ). (a) Invariant
mass spectrum of π+π−η′ after final selection, the solid circles are data and the shade histogram
is from J/ψ → γπ+π−η′ phase space MC events (with arbitrary normalization). (b) Mass
spectrum fitting with one resonance and polynomial background shape.

)2(GeV/cηππM
1.5 2 2.5 3

)
2

E
v
e
n
t/
(4

0
M

e
V

/c

0

50

100

150

200

250

300 data
MC

(a)

 ' )2(GeV/cηππM
1.6 1.8 2.0 2.2 2.4 2.6

)
2

E
v

en
ts

/(
0

.0
2

G
eV

/c

0

20

40

60

80

100

120

140

)2(GeV/c 'ηππM
1.6 1.8 2.0 2.2 2.4 2.6

)
2

E
v

en
ts

/(
0

.0
2

G
eV

/c

0

20

40

60

80

100

120

140 (b)

Fig. 5. – Candidate events after final event selection for J/ψ → γπ+π−η′(η′ → π+π−η, η → γγ).
(a) Invariant mass spectrum of π+π−η′ after final selection, the solid circles are data and the
shade histogram is from J/ψ → γπ+π−η′ phase space MC events (with arbitrary normalization).
(b) Mass spectrum fitting with one resonance and polynomial background shape.
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Fig. 6. – The π+π−η′ invariant-mass spectrum for the combined J/ψ → γπ+π−η′(η′ → γρ) and
J/ψ → γπ+π−η′(η′ → π+π−η). It is fitted with a Breit-Wigner (BW) function convolved with
a Gaussian mass resolution function.
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Fig. 7. – Invariant mass of φφ final state.

further test the Color Octet Model (COM) in P -wave charmonium decays. Some stud-
ies [37] pointed out that the decay of χc0,2 into vector meson pairs (VV), pseudoscalars
pairs (PP), and scalar pairs (SS) can be investigated in a general factorization scheme.

Branching fractions are only published for χcJ → φφ and χcJ → ωω according to
the BESII’s measurements [38] and [39]. Due to imperfect detection resolution and low
statistics, we just report the observation of χc0,2 at that time, hard to judge that there
is any χc1 signal in φφ and ωω final state. For the doubly OZI decay mode, χcJ → ωφ,
no any measurement is available before. With the large ψ′ data sample taken at BESIII,
we observed the clear χc0,1,2 → ωω, φφ. Particularly, the χc1 signal is observed for the
first time. Figures 7 and 8 show the Mφφ and Mωω distribution, respectively. Clear χcJ

signal can be seen. For doubly OZI decay, χcJ → ωφ. We also observed the clear χc0,1

signal. It is shown in fig. 9.

5. – χc0 and χc2 decay into π0π0 and ηη measurement

We also study the χc0,2 decay to π0π0 and ηη final states. Those measurement
provides information on both the χcJ parents and their pseudo-scalar daughters, as well
as a better understanding of the decay mechanisms of χcJ mesons [40].

The radiative photon energy spectrum of χcJ → π0π0 candidates, shown in fig. 10, is
fitted using an unbinned maximum likelihood fit in the range from 0.06 GeV to 0.36 GeV.
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Fig. 8. – Invariant mass of ωω final state.
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Fig. 9. – Invariant mass of ωφ final state.

The shapes of the χc0 and χc2 are obtained from Monte Carlo simulation and the masses
and widths of χcJ are fixed to their PDG values [9]. A 2nd-order Chebychev polynomial
is used to describe the backgrounds, including those found in the inclusive MC study
and the continuum. The fit gives a χc0 signal yield of 17443 ± 167 events and a χc2

signal yield of 4516± 80 events. The selection efficiency from Monte Carlo simulation of
ψ′ → γχc0(χc0 → π0π0, π0 → γγ) is (55.6±0.2)% and the efficiency of ψ′ → γχc2(χc2 →
π0π0, π0 → γγ) is (59.8 ± 0.2)%. The branching fractions are then determined to be
Br(χc0 → π0π0) = (3.23± 0.03± 0.23± 0.14)× 10−3, Br(χc2 → π0π0) = (0.88± 0.02±
0.06 ± 0.04) × 10−3.

The fit to the radiative photon energy spectrum of χcJ → ηη candidates, shown in
fig. 11, gives a χc0 signal yield of 2132 ± 60 events and a χc2 signal yield of 386 ± 25
events. The selection efficiency is 40.3±0.2% and 43.9±0.2% for χc0 → ηη and χc2 → ηη,
respectively. The branching fractions are Br(χc0 → ηη) = (3.44 ± 0.10 ± 0.24 ± 0.13) ×
10−3, Br(χc2 → ηη) = (0.65 ± 0.04 ± 0.05 ± 0.03) × 10−3. These analysis results have
been published [41].
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Fig. 10. – The radiative photon energy spectrum of selected χc → π0π0 events. Dots with error
bars are data. The solid curve is the result of a fit described in the text. The dotted curves are
the χcJ signals. The dashed curve is the background polynomial.
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Fig. 11. – The radiative photon energy spectrum of selected χc → ηη events. Dots with error
bars are data. The solid curve is the result of a fit described in the text. The dotted curves are
the χcJ signals. The dashed curve is the background polynomial.

6. – Conclusions

With the largest sample of ψ′ and J/ψ in the BESIII detector, many measurements are
reported. We have performed many studies on hc and χc. The Γ(hc), B(ψ′ → π0hc) and
B(hc → γηc) are measured for the first time. The branching fractions of χc0,2 → π0π0

and χc0,2 → ηη are measured with improved precision. We also observed the clear
χc0,1,2 → ωω, φφ. Particularly, the χc1 signal and the doubly OZI decay mode, χcJ → ωφ,
are firstly observed. The pp̄ threshold enhancement and X(1835) are studied. These
results are consistent with the published BESII results.

A new facility for physics in the τ -charm region has become operational. With the
running of BEPCII/BESIII, more exciting results are coming.
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