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The BESIII experiment is an unique electron-position machine operating at 7-charm energy re-
gion. Tt has collected about 5fb~! data at centre-mass-energy between 3.8 and 4.6 GeV from
2011 and a series of charged exotic charmomium states, which were named as Z. states, were
observed. These observations provide strong evidence that the new type of hadrons beyond me-
son and baryon exist. Besides, lots of new informations about neutral exotic states, labeled as
XY states, were also observed. These observations include the new production mechanism of
X(3872) and a candidate of w(13D,). Some new structures were also found from the cross sec-
tion measurement in several exclusive processes. In this proceeding, we report these progresses
from BESIII experiment in detail.
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1. introduction

According to quark model, the most stable hadrons are meson and baryon. But, more types
of hadrons, such as tetra-quarks, penta-quarks and glueball, are allowed by QCD. We have found
hundreds of meson resonances and dozens of baryons resonances in experiment in the past decades,
most of them are proved to be conventional hadrons. The general explanation is that other types
of hadrons are probably broad or strongly mixed with conventional mesons and baryons, in which
case identifying them experimentally would be difficult.

Recent discoveries of charged heavy quarkonium shatter this explanation. In November 2011,
the Belle Collaboration discovered the Z;(10610) and Z; (10650) [1], whose decays into Y7 reveal
their constituents to be bbud. In April 2013, the BESIII and Belle Collaborations discovered the
Z+(3900) [2, 3], whose decays into J/wr* reveal its constituents to be ccud. These charged
tetraquark states are relatively narrow although they are above the thresholds for decays into a pair
of heavy-light mesons. The discoveries of these manifestly exotic states provide strong evidence
that more types of bound states than just mesons and baryons exist.

BESIII is the third generation detector operating on BEPCII, which is an electron-position
collider work at T-charm energy region. The designed luminosity of BEPCII is 13*cm~2s~! and
have been achieved after 7 years operating. Since 2011, BESIII has collected about 5fb~! data
at centre-mass-energy between 3.8 and 4.6 GeV and yield many important observations on XYZ

physics, which will be introduced in the following sections.

2. Review of observation of Z.(3900) and Z.(4020)

In the year before 2013, although there are several charged exotic quarkonium are found,
but all of them only observed by one experiment. The discovery of Z,(10610) and Z, (10650)
indicates the possible existence of analogy charged charmonium like states.

In the study of the process eTe™ — ntx~J/y at \/s = 4.260 GeV [2], A charged structure,
named as Z.(3900), in the 7*J/y invariant mass spectrum was observed. Meanwhile, a structure
around 4.02 GeV was observed in the 7%, invariant mass spectrum in the process of e*e™ —
Tt he, named as Z.(4020) [4]. After the discovery of charged Z.(3900) and Z.(4020), their ios-
spin partners, the Z.(3900)° and Z.(4020)°, were also observed in events of e*e~ — 1°7%J /y [5]
and e*e™ — 7%, [6]. The measured cross sections of these neutral processes are consistent with
the iso-spin conservation.

Since the mass of Z.(3900)(Z.(4020)) is close to the DD*(D*D*) mass threshold, One natural
explanation is that Z.(3900) and Z.(4020) state is S-wave D*D and D*D* molecular states or
molecular-type resonances. Therefore, study of open charm decay is necessary to validate this
assumption.

BESIII experiment performed a study of the process eTe™ — 7 (DD*)¥ [7]. In the recoil
mass of the bachelor 7+, an enhancement was observed near the DD* mass threshold, named
Z.(3885). From a study of e*e™ — w5 (D*D*)T process [8], a structure near the (D*D*) threshold
was observed (named as Z.(4025)) in the recoil mass spectrum of the bachelor 7.
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2.1 New informations of Z, states

Since the Z.(3900) and Z.(4020) are proved to be iso-spin triplet, therefore, the Z.(3885) and
Z.(4025) are also should be iso-spin triplet if we assume the Z.(3900) (Z.(4020)) and Z.(3885)
(Z.(4025)) belong to the same state.

A neutral structure in the DD* system around the DD* mass threshold, which is denoted as
Z.(3885)" is observed in the process eTe™ — (DT D*7) and eTe™ — n%(D°D*0) at \/s = 4.23
and 4.26 GeV [9]. As shown in the left plot of Fig. 1, its pole mass and width are determined
to be (3885.7743 £8.4) MeV/c? and (357{} & 15) MeV, respectively. The Born cross section
are measured to be (77 + 13+ 17)pb at 4.23GeV and (47 9+ 10) bp at 4.26 GeV. The ratio

f 1;((22“ ((33%%55))001%22:;)) is determined to be 0.96 +0.18 - 0.12, which is consistent with iso-spin

conservation.

A study of the process eTe™ — n%(D*D*)? was performed using 1092 pb~! data taken as
/s =4.23GeV and 826 pb~! data taken at /s = 4.26 GeV [10]. As shown in right plot of Fig. 1,
a neutral structure near the (D*D*)? mass threshold in the 7° recoil mass spectrum, which we
denote as Z(4025)°. Its pole mass and pole width are determined to be (4025.5759+£3.1) MeV /c?
and (23.0 6.0 + 1.0) MeV, respectively. The Born cross sections of efe™ — Z.(4025)°7° —
(D*D*)°x° are measured to be (61.6+8.2+9.0) pb at \/s = 4.23GeV and (43.4+8.04+5.4) pb
at /s =4.26 GeV.
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Figure 1: Left: Fit to the M(DD*) distribution in e*e™ — 7%(DD*)? at sqrts = 4.23 and 4.26 GeV. Right:
Fit to RM(7?) in the process e*e™ — n°(D*D*)? at sqrts = 4.23 and 4.26 GeV.

Besides the mass and width, the partial wave analysis also performed to determine the quantum
number of Z. states. Using the 1.92fb~! data taken at \/s =4.23 GeV and 4.26 GeV, the spin
parity of the Z.(3900)* is determined to be J* = 17 with a statistical significance larger than
7.3 o over other quantum number in the partial wave analysis of e e~ — "7~ J /y. The analysis

determines its pole mass M), = (3887.0 £0.8 +-10.0) MeV/c? and pole width Cpote = (452
4.84+16.8)MeV/c?.

3. New observations of X states

Currently, X(3872) was only observed in B meson decays or hadron collision. Since its quan-
tum number is 17, it could also be produced through radiative transition from the vector charmo-
nium or charmonium-like states.
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The process eTe™ — ya™ 1w~ J /y has been studied at BESIII experiment with the data samples
collected at the CM energy /s = 4.009, 4.230, 4.260, and 4.360 GeV [11]. Left plot of Fig. 2 shows
the 777~ J/y invariant mass spectrum summed over all the energy points and the best fit results.
Obvious X(3872) signals were observed with a statistical significance of 6.30, the mass of the
X(3872) was measured to be (3872.1+£0.840.3)MeV/c?.
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Figure 2: Fit to the summed 77 ~J/y invariant mass spectrum. Dots with error bars are data, and the
curves are the best fit.

The product of the Born cross section and the branching fraction of X (3872) — ntn~J/y as
a function of CM energy were shown in right plot of Fig. 2. The measured cross section supports
that the X(3872) come from the radiative transition of Y (4260).

The lightest charmonium state above the DD threshold is the w(3770), which is currently
identified as the 13D; state. Until now there have been no definitive observations of its two D-
wave spin-triplet partner states, i.e., the 1°D, and 1°Ds. Recently, the Belle Collaboration reported
evidence for a narrow resonance X (3823) — vy, in B meson decays with 3.8c significance [12],
and suggested that this is a good candidate for the 13D, charmonium, which is denoted as .

BESIII report a search for the y» via the process: eTe™ — 77w X (3823),X(3823) — vXc1
using 4.67 plf1 data collected at /s = 4.19 to 4.60GeV [13]. The X(3823) is observed with
significance of 6.20 and the mass is measured to be (3821.741.34+0.7) MeV /c? (as shown in left
plot of Fig. 3). The angular distribution of X(3823) in the e"e~ CM frame, which is shown in right
plot of Fig. 3, support the assumption that X(3823) is D wave charmonium.

N C
§ 40F _+__ Ei?ta 6 L —— Data
% 30: rrrrrrr Background g — D-wave MC
To s [P Sideband ~ 4- - S-wave MC
~ T o L
u 20¢ E -
C C r
& 10: h @i 2} |
E Llill ] AT T T
8% 3.7 3.8 3.9 %5 o
M eoi(™ ) (GeV/co) cosO

Figure 3: Left: Simultaneous fit to the M,ecoi (7T w™) distribution of Yy, event. Right: The X(3823)
scattering angle distribution.
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4. New informations of Y states

BESIII also study a serials exclusive hadronic decays to search for vector exotic states. They
should be shown up in the energy dependent cross section if a resonance exist.

The production of ete™ — @yx.;(J =0,1,2) was studied at BESIII experiment [14] based on
data samples collected at 9 CM energy points from /s = 4.21 to 4.42 GeV before. eTe™ — @)
was observed for the first time at 4.23 and 4.26 GeV, while signals of e"e™ — @y, and x., were
not significant. Recently, this process was studied at the data sample taken at /s > 4.4 GeV and
clear signal of ete™ — Wxc1,2 were observed for the first time [15]. With 1074 pb*1 data near
Vs = 4.42 GeV, cross section of eTe™ — @y, was measured to be (20.9 +3.2 +2.5) pb. with
with 567 pb~! data taken at \/s = 4.60 GeV, the cross section of e*e™ — @y.; was measured to be
(9.542.1+1.3) pb. The energy dependent cross section of ete™ — @y, (J =0,1,2) are shown
in Fig. 4.

The top plot of Fig. 4 shows the cross section of ete™ — @) as a function of CM energy, in
which the cross section peaks at 4.23 GeV, and that indicates the production of ®).o does not arise
from Y(4260). The bottom plot of Fig. 4 shows the cross section of e*e™ — @y,2, which can be
described by BW function of y(4415).
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Figure 4: Measured Born cross section for ete™ — wy.; (J=0,1,2) as a function of the center of mass
energy.

Using data samples collected with the BESIII detector operating at the BEPCII collider at
center-of-mass energies from 3.810 to 4.600 GeV, we perform a study of e"e™ — nJ/y and
ete” — n'J/y. Statistically significant signals of ete™ — 1nJ/y are observed at s = 4.190, 4.210,
4.220, 4.230, 4.245, 4.260, 4.360 and 4.420 GeV [16]. and Statistically significant signals of
ete” — n'J/y are observed at s = 4.230, and 4.260 GeV [17].
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The measured energy-dependent Born cross section for e"e™ — nJ/y and ete™ — n'J/y
shows in Fig. 5. An enhancement around 4.2 GeV is found in the cross section of e*e™ — nJ/y.
The cross section measurement of e™ e~ — 1'J/y support the y(4160) decay, but we can’t draw a
clear conclusion due to the low statistics.
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Figure 5: Left: comparison of Born cross section ete™ — 1J/y. Right:Fit to o(ete™ — n'J/y) with a
resonance (solid curve).

5. Summary

Dramatic progresses have been made in the charmonium spectroscopy above open charm
threshold from BESIII experiment. New class of charged charmonium-like states have been discov-
ered. They provide strong evidence that more types of bound states than just mesons and baryons
should exist. In addition, a candidate of y(1°D,) also was observed. The nature of most of XYZ
states is not clear so far, more experimental measurements and theory calculations are necessary to
solve the puzzle.
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