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Abstract

The recent results on Charmonium and Charmonium-like states at BESIII are reviewed,
including the observation of Z.(3985) state, the study of the new decay modes of
1),(3823) state, observation of resonance structure in ete™ — ntn~1,(3823) process,
the study of the efe~ — K*K~J/a) process, cross section measurement of ete™ — wn”
and wm process, branching fraction measurement of v)(3686) — %°A + c.c. process. De-
cay channels for y.; — AA, z.; — AAM, ¢Y(3686) — AAw and 7.(2S) — 3(n*n~) are
also discussed. The property of the spin singlet P wave Charmonium state, h. is also
reported.
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1 Introduction

Just like the spectrum and transitions of the hydrogen atom reveal the physics law between
positive charged proton and negative charged electron, which is called Quantum Electrody-
namics (QED) nowadays, the spectrum and transitions of Charmonium states will, with no
doubt, shed light on the physics law between charm quark and anti-charm quark, which is call
Quantum Chromodynamics (QCD). Different from QED, our understanding of QCD is far from
complete, especially in the low energy regime where perturbative calculation is not reliable.
Charm quark, whose mass scale is just around the limit between the perturbative regime and
non-perturbative regime of QCD, is playing a leading role to better understand the QCD.

The BESIII experiment at the only running electron positron collider in the T-charm re-
gion, Beijing Electron Positron Collider (BEPCII) , has collected the world’s largest Charmo-
nium samples from electron positron symmetric collision. The detector’s performance, such as
momentum resolution, particle identification ability, is excellent. Plenty of results on Charmo-
nium and Charmonium-like states are published by BESIII Collaboration. In this review, the
newest results will be presented.
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Figure 1: Simultaneous unbinned maximum likelihood fit to the K* recoil-mass spec-
tra in data at 4.628, 4.641, 4.661, 4.681 and 4.698 GeV.

2 The study of Z.(3985) state

After the discovery of the tetra-quark candidate Z.(3900) state, whose quark content is be-
lieved to be cZqq’ (¢ is u or d quark), the existence of its strange partner, Z, with the quark
content cCsg, would be expected by assuming the SU(3) flavor symmetry.

When studying the ete™ — K*(D;D*® + D D°) process with data corresponding to
integrated luminosity of 3.7 fb~! at five center-of-mass energies ranging from 4.628 to
4.698 GeV, an excess of events is observed in the K* recoil-mass spectrum, as shown in
Fig. 1 [1]. The significance of the structure is 5.3¢0, and its mass and width are measure
to be (3982.5*)% £2.1) MeV/c? and (12.8*37 + 3.0) MeV.

With the same dataset, the isospin partner is found with a strong evidence (4.60) in the
recoil mass spectra of K{ in e*e” — K¢DD*~ and e*e” — KJD* D™ process [2]. LHCb col-
laboration observed a state in the J /9K invariant mass spectrum [3], namely the Z.(4000)
state, however the width is very different from the one measured at BESIII.

3 The study of y,(3823) state

The 13D, Charmonium state, v),(3823), was observed by BESIII Collaboration in yy,; final
state, however the experimental information about it is still poor. With data sample cor-
responding to integrated luminosity of 19 fb™! at center-of-mass energies between 4.1 and
4.7 GeV, the decay processes of 15(3823) = Y xc0.1.2, 7J /4, nJ /1 and °J /4 are searched
for [4]. The v¢5(3823) — yy,; is re-discovered with higher significance, and an evidence for
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Figure 2: Result of the fit to the 4/s dependent cross section. Dots with error bars are
data, and red solid curve shows the fit with two coherent resonances.

Y,(3823) — yy.o process is found for the first time with a significance of 3.20. The ratio
between these two decay modes is consistent with the predictions. No significant signals are
observed for the other decay modes. No significant e et — w17 13(3842) signals are seen in
any of the channels we studied. The process e"e™ — 101%5(3823) with v,(3823) — vy
is also searched for, and evidence for the process is found with a significance of 4.3¢.

As shown in Fig. 2, the product of the e"e* — 7 171 4(3823) cross section and the branch-
ing fraction of 1,(3823) — yy.; is measured as a function of the center-of-mass energy [5].
This is the first observation of vector Y-states decaying to D-wave Charmonium state, which
provides new insights about the Y -states wave functions. Within current uncertainties, the
resonance parameters of the two structures are similar to the Y(4360) and Y(4660) state.
With the same data, we performed the most precise mass measurement and provided most
stringent constraint on the width of 1,(3823) state by taking e et — n* n7¢)(3686) process
as reference channel.

4 The study of vector Charmonium-like states

A few vector Charmonium-like states, such as Y(4260), Y(4360) and Y(4660) were observed
mainly in Charmonium plus light hadrons final state, and in order to understand the nature of
these states, their pure light hadron final states are studied also, however no significant signal
is observed yet.

As shown in Fig. 3, the Born cross section of ete™ — KTK~J /1) process is measured with
a new partial reconstruction method and larger data samples compared with the previous
study [6]. Two resonances are observed with high significances, and the first one is consistent
with Y(4230), the second one is a new structure which is named as Y(4500). The nature
of Y(4500) is still not clear. For the first time, the state Y(4230) has been observed in the
K*TK~J /4y mode with the significance larger than 50. As multiple solutions exit, it is not easy
to make any conclusion about the nature of Y(4230) based on the information about its decay
partial widths.

Among the light hadron final state, the one with proton and anti-proton in the final state
is of more interest when searching for the exotic states, because this information is valuable
for estimating the production rates of these exotic states on PANDA experiment. Recently,
BESIII measured the cross section of ete™ — ppn and eTe™ — ppw, and no clear structure is
observed on the cross section line shape [7]. It is same for ete™ — wn® and wn process, no
structure is found on the cross section line shape [8].
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Figure 3: Result of the fit to the /s dependent cross section for ete™ — KTK~J /4
process.
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Figure 4: The fit to the invariant mass of AA in y.;y—01,2) — AA (left); The fit to
the invariant mass of 3(n* ™) in y.;, — 3(x* ™) (right).

5 The study traditional Charmonium states

The Charmonium states below the open charm threshold include J /1, ¢(3686), 1., n.(2S),
%:(0,1,2) and h, state, and all of these could be studied with the electron positron collision
data taken at BESIIL In principe, only the ones with quantum number J?¢ = 17 could be
produced with large rate as they have the same quantum number as the photon. The others
could be produced by radiative transitions or hadronic transitions. As shown in Fig. 4, the
process of y.5j=0,1,2) — AA and y.; — 3(n" ™) could be studied at large samples [9] [10].
A handful of other decay channels, such as y.; — AAn [11], 1(3686) — AAw [12] process
are also studied. The mass, width, and branching fractions for h, are studied precisely via the
decay (2S) — n°h, [13].

6 Conclusion
Using world’s largest electron-positron annihilation data in the charm region, the Charmo-

nium(like) sates could be studied with high precision. With these results, we hope to under-
stand the QCD better, especially in the low energy region.
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