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1. Introduction

BEPCII/BESIII [1] is an upgrade facility from the previous BEPC/BE8&Xperiment. The
BEPCII is a modern accelerator with multi-bunch, double ring and high lumindsitan operate
with the beam energy varying between 1.0 and 2.3 GeV. The design luminabitylig®3 cm—2s 1,
and currently 65% of the target has been achieved. The BESIII speeter consists of a main
drift chamber with momentum resolution of 0.5% at 1.0 Gg\&n electromagnetic calorimeter
with energy resolution 2.5% at 1.0 GeV, a Time-Of-Flight counter, a sopéiating magnet with
a magnetic strength of 1.0 T, and a muon system made of resistive plate ckamber

With 2.25x 10° J/y events, a partial wave analysis (PWA) is performed to search for glue-
balls, hybrids and multi-quark states [2]. Based @6k 10° ¢ events, charmonium spectroscopy
is widely studied [3]. The open charm physics is under study with 2.9 & data taken at the
Y(3770 peak. Research oXYZ particles is performed with data takenyat4040), Y (4260, and
Y (4360 resonances.

2. Light hadron physics

According to lattice quantum chromodynamics (LQCD) calculations, the lawass glueball
with 07" is in the mass region from 1.5 to 1.7 Ge¥%/ Searching for glueballs at low energy is
difficult due to its mixing with the nonetq mesons. The two pseudoscalar meson final state in
radiativeJ/( decays is quite a clean laboratory to search for scalar and tensor lggueba

213/Y —ynn

The fp(1770) state was first observed in tiéy — ynn decay mode by the Crystal Ball Col-
laboration [4]. To improve the statistical limit, we studied the deday — ynn, n — yy [5]
with 2.25x 10® J/ ¢ events. The basic solution from PWA includes contribution friy1500),
fo(1710), fp(2100, f5(1525, (1810, and f,(2340. The dominant scalar components are
fo(1710 and fp(2100), which are almost one order larger th&1500. The tensor components
are dominantlyf,(1525), f»(1810), and f2(2340. The significant contribution fronfix(1525) is
shown as a clear peak in the mass spectrumrpf A tensor component exists in the mass region
between 1.8 and 2.0 Ged/, although we can not distinguigh(1810) from (1910 or f(1950).
The PWA requires a strong contribution fraia(2340), although the possibility of,(2300 cannot
be ruled out. The measured masses, widths, and branching fractidiséextén Table 1.

22 J/Y — ywo

TheJd/y — ywe decay mode is a doubly OZI suppressed process with a production rate tha
is expected to be suppressed relativel tgy — yww andJ/Y — ye@ by at least one order of
magnitude [6]. The decay mod&/ ¢ — yw@(w — " 1°, ¢ — K+K™) is studied by means
of data sample composed o028 x 108 J/¢ mesons. A PWA with a tensor covariant amplitude
is performed assuming that the enhancement is due to the presence ofianees the<(1810),
and confirms that the spin-parity of thg1810) is 0" [7]. The PWA results are summarised in
Table 2, and are consistent within errors with those of the BESII expetif@en
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Table 1: Summary of the PWA results, including masses and widthsefesomances, branching fractions of
J/Y — yX, as well as significances. The first errors are statisticdlthe second systematic.

Resonance Mass(Medd)) Width(MeV/ic?) 2(J/@ — yX — ynn) Significance
fo(1500 14681223 13655728 (1.6570557928) x 10°° 8.20
fo(1710 1759612 172+10732 (23575132 «10%4  25.00
fo(2100  2081+133% 2732709 (11379955 x 104 13.90
(152 151857, 75057 (34279815

( ( )
( ( )

/ x 107° 11.00
R1810  18222% 2958 (5400%IH<10° 6o
22340 2362 3'33°  334°23°108  (5.60°0ge'357) x10°  7.60

Table 2: Results from the best PWA fit solution.
Resonance P M(MeV/c?) T(MeV/c?) Events A  Andf  Significance

X(1810 ot * 1795+7 95+10 131952 783 4 > 300
f2(1950) 2 1944 472 665-40 211 2 20.4
f0(2020) o 1992 442 715-45 100 2 13.9
n (2225 0" 2226 185 70t 30 23 2 640
phase space O — — 319424 45 2 9.

The anomalous enhancement observed atdfpénvariant-mass threshold and the large mea-
sured branching fractions (about half &f(J/ @ — y@g) [9]) are surprising and interesting. The
enhancement is not compatible with being due either tXif#835 or theX(pp), due to the dif-
ferent mass and spin-parity. The interpretation of the enhancemeningsdue to effects otop
final state interactions (FSI) is not excluded in this analysis. Searchdsigcstructure in differ-
ent decays modes, e.¢K*K*, ww , etc., and in other production processes, &gy — QwQ,
J/Y — wwe, etc., are essential to explore the nature of the enhancement, and gaimsigirein
the underlying dynamics.

3. Charmonium spectroscopy

3.1 Massand width of n¢

Properties ofj. are not well understood, although this state has been observed foryeansy
There are obvious discrepancies between results from differetriengnts [10]. An obvious
distortion in the line shape of thg is reported by CLEO [11], but similar effects are not observed
in @ — m°he, he — ync at BESIII.

Measurements of); at BESIII are performed with six decay channels, incIudK@j(rr,
KTK-n°, mtmn, KK3m, KTK- " n® and 3 ) [12]. A simultaneous fit with unique
nNc mass and width is performed on the mass spectra, where a full interference betwggand
non-resonanty’ radiative decays is considered, and the quantum numbers of thg.ncompo-
nents are assumed to be'Q The corresponding relative phases in different decay modesard fo
to be consistent within @, which are constrained to the same value in the final fit. The obtained
results arévl,, = 29843+0.6+0.6 MeV/c?, ;. = 320+ 1.2:£1.0 MeV, ¢ = 2.40+0.07+0.08
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rad (constructive), angh = 4.19+ 0.03+ 0.09 rad (destructive). The BESIII results are consistent
with those from two-photon production [13, 14, 15]. The precisions efrtiteasured mass and
width are improved.

3.2 First observation of ¢/ — yn.

The n/ state was first observed by the Belle Collaboration [18 ir» KKK~ r decay, and
is also expected in the radiative transitionysf According to the potential model, the branching
fraction is predicted to b&8 (/' — ynl) = (0.1—6.2) x 1074 [17].

BESIII performed a search for thg, in several decay modes, and a signal is only observed
in the KK 7T [18] final state. Fig. 1 shows the fit result to the mass spectruwm%tr. With a
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Figure 1: The simultaneous fit to th€K 7 mass spectrum.

simultaneous fit we determine the mass and width ofrtheo be: M, = 3637.6+29+1.6
MeV/c?, and My, =169+ 6.44+4.8 MeV. The visible branching fraction is determined to be
B — ynl) x B(nL — KKm) = (1.30+0.20+0.30) x 10 ° . Using the previous measurement
and Z(n. — KKm) = (1.94 0.4+ 1.1)% from BaBar [19], the M1 transition rate is determined
to beB(Y' — ynl) = (6.84+1.1+4.5) x 1074

4. Charm physics

41 D" — ptvy (preliminary)

The decay constarfp+ is an important constant in heavy flavor physics. Within the context
of the standard model, the measurement of the purely leptonic decay of thesd@h prvides a
means for determinindg. With the precisely measured branching fraction of the— p*v,
decay together with the accurate calculatiorfgffrom unquenched LQCD, we can extra|
more precisely. Chargeld mesons are produced i(3770 — D™D~ decays. The analysis is
based on th®-tag technique. On the tagged sif¥, is reconstructed from nine hadronic modes,
including K+, Kqmr, KK =, KTK~m, Kt i, mhm e, K¢ i, Kt
andK2mr ", TheD* — ptv, signal is obtained from the fit to thelyiss = Emiss — Priss
distribution. The signal yield is 373+ 20.6 +- 2.6 events, and the obtained branching fraction
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B(DT — utvy) = (3.74+0.21+£0.06) x 10~ which is the world best measurement. The error
is still limited by the statistics.

4.2 D° — Kte veand D? — e ve (preliminary)

Semileptonic decays & mesons are an excellent environment for precision measurements of
the Cabibbo-Kobayashi-Maskawa (CKM) matrix elements. However, tordate the CKM weak
parameters, knowledge of strong interaction effects is required. Hifests can be parametrized
by form factors. Techniques such as LQCD offer increasingly peexadculations of these form
factors. As the uncertainties in the predictions shrink, experimental valdafithe results be-
comes more important. TH2° mesons are produced frogn3770 — D°DC decays. The tagged-

DO is reconstructed from four hadronic modes. The amount of signaltevemetermined by
fitting the distribution 0fUpiss = Emiss — | Priss|- Based on 0.9 fb! of data taken at they(3770
peak , preliminary results on the branching fractions are measured t#tB? — Kte v) =
(3.542+0.030+0.067) x 102 and#(D° — e~ v) = (0.288+ 0.0084 0.005) x 102

5. XYZ studies

5.1 First observation of efe™ — nJ/y at \/s= 4.009GeV

BESIII observed for the first time the production @fe” — nJ/y [20] at center-of- mass
energy,/s= 4.009 GeV with a statistical significance greater thao 1t this analysis, thd/y
is reconstructed through its decays into lepton patre( and ™ u~), while n is reconstructed
with the yy final state. The Born cross section is measured t@BBd + 2.8+ 1.3) pb. Assuming
that thenJ/y signal is purely from hadronic decays of tig¢4040), the fractional transition rate
is determined to beg(y (4040 — nJ/Y) = (5.2+0.54+0.2+0.5) x 10~2, where the third error
is the uncertainty fromy(4040) resonance parameters.

5.2 Observation of Z;(3900)

TheY (4260 state was discovered in the initial-state-radiation (ISR) progess — yisrm" 11
J/y [21]. Unlike other charmonium states with the same quantum numbers and iantieensass
region, such as thg/(4040), (4160, and (4415, theY (4260 state does not have a natural
place within the quark model of charmonium [22]. Furthermore, while beialy above theDD
threshold, theY (4260 shows strong coupling to the*m J/y final state [23], but relatively
small coupling to open charm decay modes [24, 25, 26, 27, 28]. In thiswallpresent a study
of the procesge” — mrm J/ [29] at a center-of-mass energy ¢6 = (4.260+ 0.001) GeV,
which corresponds to the peak of tFé4260 cross section. The cross section is measured to be
(6294 1.9+ 3.7) pb, which agrees with the existing results from the BaBar [30], Belle [@&id,
CLEO [32] experiments. In addition, a structure with a mas&38090+ 3.6+ 4.9) MeV/c? and
a width of (46+ 10+ 20) MeV is observed in ther" mJ/ mass spectrum as shown in Fig. 2.
This structure couples to charmonium and has an electric charge, i.e. dustdte containing
more quarks than just a charm and anti-charm quark. Similar studies wemrped inB de-
cays, with unconfirmed structures reported in therr ¢’ and 1 x¢; Systems [33, 34, 35, 36].
Model-dependent calculations that attempt to explain the charged bottomdékéistructures and
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Figure 2: Fit to the Mmax(Tt=J/ () distribution. Dots with error bars are data; the red solidietshows
the total fit, and the blue dotted curve the background froaerfiththe red dot-dashed histogram shows the
result of a phase space MC simulation; and the green shasledjfam shows the normalizédy sideband
events.

may also apply to the charmonium-like structures exist. There are predicfichamnonium-like
structures near theD* andD*D* thresholds [37].

6. Summary

We have shown the recent results from the BESIII Collaboration, incluatiadyses from light
hadron spectroscopy, charmonium spectroscopy, charm physieg|lleas new results on th€yZ
states. With the excellent performance of the accelerator and the debacterinteresting results
are expected to come soon.

References

[1] M. Ablikim et al. (BESIII Collaboration), Nucl. Instrum. Methods Phys. R&ect. A614, 345
(2010).

[2] M. Ablikim et al. (BESIII Collaboration), Chinese Phsyics36 (10), 915-925 (2012).
[3] M. Ablikim et al. (BESIII Collaboration), arXiv:1209.6199 [hep-ph].

[4] C. Edwardset al., Phys. Rev. Lett48, 458 (1982).

[5] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. 87, 092009 (2013).

[6] Kopke L, Wermes NJ/ Decays. CERN-EP/88-93, Physics Reports 174 (1989) 67-QERN,
CH-1211 Geneva 23, Switzerland.

[7] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. B7, 032008 (2013).
[8] M. Ablikim etal. (BES Collaboration), Phys. Rev. Le®i5, 162002 (2006).
[9] J. Beringeret al. (Particle Data Group), Phys. Rev.88, 010001 (2012).
[10] K. Nakamuraet al., Journal of Physics G7, 075021 (2010).
[11] R.E. Mitchell et al. (CLEO Collaboration), Phys. Rev. Left02, 011801 (2009).



Highlights from BESII Yagian Wang

[12] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. Lett08, 222002 (2012).
[13] D. M. Asneret al. (CLEO Collaboration), Phys. Rev. Lef2, 142001 (2004).
[14] B. Aubertet al. (BABAR Collaboration), Phys. Rev. Let®2, 142002 (2004).
[15] S. Ueharaet al. (Belle Collaboration), Eur. Phys. J.%3, 1 (2008).

[16] S.K. Choi et al. (Belle Collaboration), Phys. Rev. Le&9, 102001 (2002).
[17] K. Gao, PhD thesis, arXiv: 0909.2812.

[18] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. Lett09, 042003 (2012).
[19] B. Aubert et al. (BABAR Collaboration), Phys. Rev. @8, 012006 (2008).
[20] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. B6, 071101 (2012).
[21] B. Aubert et al. (BaBar Collaboration), Phys. Rev. Le®6, 142001 (2005).
[22] X.H. Mo etal., Phys. Lett. B840, 182 (2006).

[23] D. Cronin-Hennessgt al. (CLEO Collaboration), Phys. Rev. 8, 072001 (2009).
[24] G. Pakhloveet al. (Belle Collaboration), Phys. Rev. Lefi8, 092001 (2007).
[25] B. Aubertet al. (BaBar Collaboration), Phys. Rev. T8, 111105 (2007).

[26] B. Aubertet al. (BaBar Collaboration), Phys. Rev. T9, 092001 (2009).

[27] P. del Amo Sancheet al. (BaBar Collaboration), Phys. Rev. &2, 052004 (2010).
[28] For arecent review, see N. Brambi#geal ., Eur. Phys. J. @1, 1534 (2011).
[29] M. Ablikim et al. (BESIII Collaboration), arXiv:1303.5949 [hep-ph].

[30] J. P. Leet al. (BaBar Collaboration), Phys. Rev. &, 051102(R) (2012).
[31] C. Z. Yuanet al. (Belle Collaboration), Phys. Rev. Lef9, 182004 (2007).
[32] T. E. Coaret al. (CLEO Collaboration), Phys. Rev. Le6, 162003 (2006).
[33] S. K. Choiet al. (Belle Collaboration), Phys. Rev. Letft00, 142001 (2008).
[34] B. Aubertet al. (BaBar Collaboration), Phys. Rev.T9, 112001 (2009).

[35] R. Mizuket al. (Belle Collaboration), Phys. Rev. I8, 072004 (2008).

[36] J. P. Lee=t al. (BaBar Collaboration), Phys. Rev. &, 052003 (2012).

[37] L. Maiani, F. Piccinini, A. D. Polosa and V. Riquer, PhyRev. D71, 014028 (2005); D. -Y. Chen,
X. Liu and T. Matsuki, arXiv:1208.2411 [hep-ph]; D. -Y. Chand X. Liu, Phys. Rev. 34, 034032
(2011); Z. -F. Sun, J. He, X. Liu, Z. -G. Luo and S. -L. Zhu, PHysv. D84, 054002 (2011) and
Chin. Phys. C36, 194 (2012); Ahmed Ali, Christian Hambrock and Wei Wang, £H3yev. D85,
054011 (2012).



