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1. Introduction

Charmonium states are composed of one charmed quark and one anti-charmed quark (cc).
States below the charm quark pair threshold in mass (2mp) are well described by the potential
mode [1], while many states above 2mp have not been observed yet. In addition, there are many
unexpected states which are called charmoniumlike or XYZ states and have a charmonium final
states but no conventional charmonium states assignment observed in recent years [2]. Searching
for the new decay modes of known charmonium or charmoniumlike states and new charmonium-
like states is helpful for the interpretation of these charmonium-like states.

BESIII has collected large data samples of electron positron collisions with center-of-mass
(c.m.) energy between 3.8 and 4.6 GeV, the total integrated luminosity is about 12 fb~!. Recent
results of the measurements of the XY Z physics will be described in the following sections.

2. Determination of J” of Z.(3900)

The charged charmoniumlike state Z.(3900) was observed in the process eTe™ — ntn~J/y
by the BESIII [3] and Belle [4] and confirmed by the CLEO-c [5]. As the first Z, state ob-
served by more than one experiment, it is composed of at least four quarks. Many theoretical
interpretations of its nature and decay dynamics have been put forward [6, 7]. BESIII has also
reported the observations of the neutral Z.(3900) in the process e*e™ — %77 /y [8], Z.(4020)
in ete™ — 't~ [9, 10], Z.(4025) in ete” — aE0(D*D*)TO [11, 12], and Z.(3885) in
ete™ — n9(DD*)TO [13, 14, 15]. Are Z.(3900) and Z.(3885) the same state and do they have
the same quantum number assignment? The experimental determination is one of the most impor-
tant expectations of theorists.

Recently, BESIII reported the determination of the J* of Z.(3900) [16], which is J¥ = 1T
with a statistical significance larger than 70 over other quantum number assumptions, in the partial
wave analysis of the process ete™ — w7 J/y using 1.92 fb~! data samples at /s = 4.23 and
4.26 GeV. There are six contributions (e*e™ — 6J /v, foJ /v, fo(1370)J /vy, f,(1270)J )y, ZE 7T,
and non-resonant processes) and five assumptions of the JP of Z.(3900) (1*t,07,17,2", and 27)
are considered in the fit. Using a simultaneous fit for the data samples at 4.23 GeV and 4.26 GeV,
where the Z.(3900) state is described by a Flatte-like formula, the mass and coupling parameters
(¢} and g5/g}) of Z.(3900) are measured to be (3901.5+2.74:38.0) MeV/c?, 0.075 4 0.006 +
0.025) GeV?, and (27.1+2.041.9), respectively. The fitted coupling constants are consistent with
the measured decay width ration of (DD*)* and 7%J /y final states.

3. ete™ = 1070y (3686)

Recently, BESIII reported the precise measurement of the cross sections for the processes
ete” — ntw~J/w [20] and indicated that the Y (4260) resonances actually consists of two struc-
tures. Two resonances, Y (4220) and Y (4390), are observed in the process e" e~ — T h, [21].
BESIII has also reported more studies of these Y states for understanding the puzzles with these
states. The Y (4360) was first observed in ete™ — ysrm™ 7~ w(3686) by BABAR [22] and sub-
sequently confirmed by Belle [23] and BESII [24]. By analogy, BESIII also reported the mea-
surement of its neutral isospin ete™ — 1079y (3686) [25]. The measured Born cross sections
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of ete™ — 7%y (3686) are consistent with those of e"e™ — w7~ yw(3686) from isospin sym-
metry. In addition, a neutral charmoniumlike structure is observed in 7°y(3686) with a mass of
(4038.74+6.5) MeV/c? at /s =4.416 GeV, which confirms the structure in the charged mode. No
significant Z(3900) state is observed in the fit.

4. ete” — KKJ/y

As the first observed vector charmoniumlike state, the nature of the Y (4260) is still unclear.
Besides of eTe™ — ntn~J/y, the Y (4260) has also been searched for many modes in recent
years, such as T+~ h., @YX, NJ /¥ and so on. Especially, measuring the ratio of ete™ — KKJ/y
and ete” — wJ /Y cross sections provides a new insight into the nature of ¥ (4260). Recently,
using 4.7 fb~! data sample from 4.189 to 4.600 GeV, BESIII reported the measurements of the
process of ee™ — KKJ/y [26]. The results show that the energy dependence of the cross section
for ete™ — KTK~J/y is not consistent with those of e"e™ — 1t 7~ J/y in the region around
4.26 GeV. The ratio of cross sections for ete™ — KTK~J/y and ete™ — KIKJ /y are consistent
with expectations from isospin conservation. In addition, there is an evidence for a structure around
4.5 GeV in the ee™ — KK~ J/y cross section that not present in the eTe™ — 777 J /.

5. ¢te = tDOD*—

BESIII also reported a precise cross section measurement of e*e~ — 77 DYD*~ process [27].
Two resonant structures are significant observed in this final states. It indicates an evidence for
open-charm production associated with the Y states is observed for the first time. The parameters
of these two resonances are consistent with those measured in e e~ — w7 7~ h,. The first resonance
are also consistent with those measured in ete™ — @0 [28] and e*e™ — 't~ J/y. The first
resonance is consistent with some of the theoretical calculations for the mass of Y (4260) when
explaining it as a DD1(2420) molecule [29].

6. ete” — (PXCl,Z

BESIII has reported the cross section of eTe™ — @Y. and observed an intermediate resonance
around 4226 MeV [28]. Considering that @ and ¢ have the same spin, parity, and isospin, the @ ).;
and ¢ . should have a similar production mechanism, so we study the e*e™ — ¢ ;. Using
567 fb~! data sample at /s = 4.60 GeV, BESIII first observed the processes of e*e™ — ¢y
and @ . [30]. The corresponding Born cross sections are (4.271:) +0.3) and (6.7753 £0.5) pb,
respectively. No significant ete™ — ¢ x.0 and ete™ — yX(4140) were observed in this final states.

7. Summary

Recent studies of XY Z states at BESIII collaboration are presented using large luminosity data
samples collected above 4 GeV. BESIII is an active and successful experiment for the charmonium
spectroscopy study. In the future, BESIII will continue to take data for studying these XY Z states
more precisely and increase the beam energy for studying the higher XY Z states, such as Y (4660).
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