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1. Introduction

BEPCII/BESIII [1] is an upgrade facility from the previous BEPC/BESIIexperiment. The
BEPCII is a modern accelerator with multi-bunch, double ring and high luminosity. It can operate
with the beam energy varying between 1.0 and 2.3 GeV. The design luminosity is1×1033 cm−2s−1,
and currently 65% of the target has been achieved. The BESIII spectrometer consists of a main
drift chamber with momentum resolution of 0.5% at 1.0 GeV/c, an electromagnetic calorimeter
with energy resolution 2.5% at 1.0 GeV, a Time-Of-Flight counter, a superconducting magnet with
a magnetic strength of 1.0 T, and a muon system made of resistive plate chambers.

With 2.25×108 J/ψ events, a partial wave analysis (PWA) is performed to search for glue-
balls, hybrids and multi-quark states [2]. Based on 1.06×108 ψ ′ events, charmonium spectroscopy
is widely studied [3]. The open charm physics is under study with 2.9 fb−1 of data taken at the
ψ(3770) peak. Research onXY Z particles is performed with data taken atψ(4040), Y (4260), and
Y (4360) resonances.

2. Light hadron physics

According to lattice quantum chromodynamics (LQCD) calculations, the lowestmass glueball
with 0++ is in the mass region from 1.5 to 1.7 GeV/c2. Searching for glueballs at low energy is
difficult due to its mixing with the nonetqq̄ mesons. The two pseudoscalar meson final state in
radiativeJ/ψ decays is quite a clean laboratory to search for scalar and tensor glueballs.

2.1 J/ψ → γηη

The f0(1770) state was first observed in theJ/ψ → γηη decay mode by the Crystal Ball Col-
laboration [4]. To improve the statistical limit, we studied the decayJ/ψ → γηη , η → γγ [5]
with 2.25×108 J/ψ events. The basic solution from PWA includes contribution fromf0(1500),
f0(1710), f0(2100), f ′2(1525), f2(1810), and f2(2340). The dominant scalar components are
f0(1710) and f0(2100), which are almost one order larger thanf0(1500). The tensor components
are dominantlyf2(1525), f2(1810), and f2(2340). The significant contribution fromf2(1525) is
shown as a clear peak in the mass spectrum ofηη . A tensor component exists in the mass region
between 1.8 and 2.0 GeV/c2 , although we can not distinguishf2(1810) from f2(1910) or f2(1950).
The PWA requires a strong contribution fromf2(2340), although the possibility off2(2300) cannot
be ruled out. The measured masses, widths, and branching fractions arelisted in Table 1.

2.2 J/ψ → γωφ

TheJ/ψ → γωφ decay mode is a doubly OZI suppressed process with a production rate that
is expected to be suppressed relative toJ/ψ → γωω and J/ψ → γφφ by at least one order of
magnitude [6]. The decay modeJ/ψ → γωφ(ω → π+π−π0,φ → K+K−) is studied by means
of data sample composed of 2.25×108 J/ψ mesons. A PWA with a tensor covariant amplitude
is performed assuming that the enhancement is due to the presence of a resonance, theX(1810),
and confirms that the spin-parity of theX(1810) is 0++ [7]. The PWA results are summarised in
Table 2, and are consistent within errors with those of the BESII experiment [8].
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Table 1: Summary of the PWA results, including masses and widths for resonances, branching fractions of
J/ψ → γX, as well as significances. The first errors are statistical and the second systematic.

Resonance Mass(MeV/c2) Width(MeV/c2) B(J/ψ → γX → γηη) Significance

f0(1500) 1468+14+23
−15−74 136+41+28

−26−100 (1.65+0.26+0.51
−0.31−1.40)×10−5 8.2σ

f0(1710) 1759±6+14
−25 172±10+32

−16 (2.35+0.13+1.24
−0.11−0.74)×10−4 25.0σ

f0(2100) 2081±13+24
−36 273+27+70

−24−23 (1.13+0.09+0.64
−0.10−0.28)×10−4 13.9σ

f
′
2(1525) 1513±5+4

−10 75+12+16
−10−8 (3.42+0.43+1.37

−0.51−1.30)×10−5 11.0σ
f2(1810) 1822+29+66

−24−57 229+52+88
−42−155 (5.40+0.60+3.42

−0.67−2.35)×10−5 6.4σ
f2(2340) 2362+31+140

−30−63 334+62+165
−54−100 (5.60+0.62+2.37

−0.65−2.07)×10−5 7.6σ

Table 2: Results from the best PWA fit solution.

Resonance JPC M(MeV/c2) Γ(MeV/c2) Events ∆S ∆nd f Significance

X(1810) 0++ 1795±7 95±10 1319±52 783 4 > 30σ
f2(1950) 2++ 1944 472 665±40 211 2 20.4σ
f0(2020) 0++ 1992 442 715±45 100 2 13.9σ
η(2225) 0−+ 2226 185 70±30 23 2 6.4σ

phase space 0−+ — — 319±24 45 2 9.1σ

The anomalous enhancement observed at theωφ invariant-mass threshold and the large mea-
sured branching fractions (about half ofB(J/ψ → γφφ) [9]) are surprising and interesting. The
enhancement is not compatible with being due either to theX(1835) or theX(pp̄), due to the dif-
ferent mass and spin-parity. The interpretation of the enhancement as being due to effects ofωφ
final state interactions (FSI) is not excluded in this analysis. Searches for this structure in differ-
ent decays modes, e.g.K∗K∗, ωω , etc., and in other production processes, e.g.J/ψ → φωφ ,
J/ψ → ωωφ , etc., are essential to explore the nature of the enhancement, and gain moreinsight in
the underlying dynamics.

3. Charmonium spectroscopy

3.1 Mass and width of ηc

Properties ofηc are not well understood, although this state has been observed for manyyears.
There are obvious discrepancies between results from different experiments [10]. An obvious
distortion in the line shape of theηc is reported by CLEO [11], but similar effects are not observed
in ψ ′ → π0hc, hc → γηc at BESIII.

Measurements ofηc at BESIII are performed with six decay channels, includingK0
S Kπ,

K+K−π0, π+π−η , K0
S K3π, K+K−π+π−π0 and 3(π+π−) [12]. A simultaneous fit with unique

ηc mass and width is performed on theηc mass spectra, where a full interference betweenηc and
non-resonantψ ′ radiative decays is considered, and the quantum numbers of the non-ηc compo-
nents are assumed to be 0−+. The corresponding relative phases in different decay modes are found
to be consistent within 3σ , which are constrained to the same value in the final fit. The obtained
results areMηc = 2984.3±0.6±0.6 MeV/c2, Γηc = 32.0±1.2±1.0 MeV, φ1 = 2.40±0.07±0.08
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rad (constructive), andφ2 = 4.19±0.03±0.09 rad (destructive). The BESIII results are consistent
with those from two-photon production [13, 14, 15]. The precisions of the measured mass and
width are improved.

3.2 First observation of ψ ′ → γη ′
c

Theη ′
c state was first observed by the Belle Collaboration [16] inB → KKSK−π+ decay, and

is also expected in the radiative transition ofψ ′. According to the potential model, the branching
fraction is predicted to beB(ψ ′ → γη ′

c) = (0.1−6.2)×10−4 [17].

BESIII performed a search for theη ′
c in several decay modes, and a signal is only observed

in the KK̄π [18] final state. Fig. 1 shows the fit result to the mass spectrum ofKK̄π. With a
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Figure 1: The simultaneous fit to theKK̄π mass spectrum.

simultaneous fit we determine the mass and width of theη ′
c to be: Mη ′

c
= 3637.6± 2.9± 1.6

MeV/c2, and Γη ′
c
= 16.9± 6.4± 4.8 MeV. The visible branching fraction is determined to be

B(ψ ′ → γη ′
c)×B(η ′

c → KK̄π) = (1.30±0.20±0.30)×10−5 . Using the previous measurement
andB(η ′

c → KK̄π) = (1.9±0.4±1.1)% from BaBar [19], the M1 transition rate is determined
to beB(ψ ′ → γη ′

c) = (6.8±1.1±4.5)×10−4.

4. Charm physics

4.1 D+ → µ+νµ (preliminary)

The decay constantfD+ is an important constant in heavy flavor physics. Within the context
of the standard model, the measurement of the purely leptonic decay of the D meson provides a
means for determiningf+D . With the precisely measured branching fraction of theD+ → µ+νµ

decay together with the accurate calculation off+D from unquenched LQCD, we can extract|Vcd|
more precisely. ChargedD mesons are produced inψ(3770) → D+D− decays. The analysis is
based on theD-tag technique. On the tagged side,D− is reconstructed from nine hadronic modes,
including K+π−π−, K0

S π−, K0
S K−, K+K−π−, K+π−π−π0, π+π−π−, K0

S π−π0, K+π−π−π−π+,
and K0

S π−π−π+. The D+ → µ+νµ signal is obtained from the fit to theMmiss = Emiss − Pmiss

distribution. The signal yield is 377.3± 20.6± 2.6 events, and the obtained branching fraction
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B(D+ → µ+νµ) = (3.74±0.21±0.06)×10−4 , which is the world best measurement. The error
is still limited by the statistics.

4.2 D0 → K+e−νe and D0 → π+e−νe (preliminary)

Semileptonic decays ofD mesons are an excellent environment for precision measurements of
the Cabibbo-Kobayashi-Maskawa (CKM) matrix elements. However, to determine the CKM weak
parameters, knowledge of strong interaction effects is required. Theseeffects can be parametrized
by form factors. Techniques such as LQCD offer increasingly precise calculations of these form
factors. As the uncertainties in the predictions shrink, experimental validation of the results be-
comes more important. TheD0 mesons are produced fromψ(3770)→ D0D̄0 decays. The tagged-
D0 is reconstructed from four hadronic modes. The amount of signal events is determined by
fitting the distribution ofUmiss = Emiss − |~pmiss|. Based on 0.9 fb−1 of data taken at theψ(3770)
peak , preliminary results on the branching fractions are measured to be:B(D̄0 → K+e−ν̄) =
(3.542±0.030±0.067)×10−2 andB(D̄0 → π+e−ν̄) = (0.288±0.008±0.005)×10−2.

5. XY Z studies

5.1 First observation of e+e− → ηJ/ψ at
√

s = 4.009GeV

BESIII observed for the first time the production ofe+e− → ηJ/ψ [20] at center-of- mass
energy

√
s = 4.009 GeV with a statistical significance greater than 10σ . In this analysis, theJ/ψ

is reconstructed through its decays into lepton pairs (e+e− andµ+µ−), while η is reconstructed
with theγγ final state. The Born cross section is measured to be(32.1±2.8±1.3) pb. Assuming
that theηJ/ψ signal is purely from hadronic decays of theψ(4040), the fractional transition rate
is determined to beB(ψ(4040)→ ηJ/ψ) = (5.2±0.5±0.2±0.5)×10−3 , where the third error
is the uncertainty fromψ(4040) resonance parameters.

5.2 Observation of Zc(3900)

TheY (4260) state was discovered in the initial-state-radiation (ISR) processe+e−→ γISRπ+π−

J/ψ [21]. Unlike other charmonium states with the same quantum numbers and in the same mass
region, such as theψ(4040), ψ(4160), andψ(4415), theY (4260) state does not have a natural
place within the quark model of charmonium [22]. Furthermore, while being well above theDD̄
threshold, theY (4260) shows strong coupling to theπ+π−J/ψ final state [23], but relatively
small coupling to open charm decay modes [24, 25, 26, 27, 28]. In this talk, we present a study
of the processe+e− → π+π−J/ψ [29] at a center-of-mass energy of

√
s = (4.260±0.001) GeV,

which corresponds to the peak of theY (4260) cross section. The cross section is measured to be
(62.9±1.9±3.7) pb, which agrees with the existing results from the BaBar [30], Belle [31],and
CLEO [32] experiments. In addition, a structure with a mass of(3899.0±3.6±4.9) MeV/c2 and
a width of (46±10±20) MeV is observed in theπ+π−J/ψ mass spectrum as shown in Fig. 2.
This structure couples to charmonium and has an electric charge, i.e. due toa state containing
more quarks than just a charm and anti-charm quark. Similar studies were performed inB de-
cays, with unconfirmed structures reported in theπ+π−ψ ′ andπ±χc1 systems [33, 34, 35, 36].
Model-dependent calculations that attempt to explain the charged bottomonium-like structures and
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Figure 2: Fit to theMmax(π±J/ψ) distribution. Dots with error bars are data; the red solid curve shows
the total fit, and the blue dotted curve the background from the fit; the red dot-dashed histogram shows the
result of a phase space MC simulation; and the green shaded histogram shows the normalizedJ/ψ sideband
events.

may also apply to the charmonium-like structures exist. There are predictions of charmonium-like
structures near theDD̄∗ andD∗D̄∗ thresholds [37].

6. Summary

We have shown the recent results from the BESIII Collaboration, includinganalyses from light
hadron spectroscopy, charmonium spectroscopy, charm physics, as well as new results on theXY Z
states. With the excellent performance of the accelerator and the detector,more interesting results
are expected to come soon.
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