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BESIII has many results on the hadron spectroscopy in the tau-charm energy region. In this pro-
ceeding, I will review the current status of the exotic Z, states, X (3823), X (3872), several X states
around 1.8-1.9 GeV/c?, the partial wave analysis of J/y — ynn, and the baryon spectroscopy in
the processes W(3686) — K~ AZ™ and w(3686) — ppn’.
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1. Current status of the exotic Z. states

The Z.(3900)* was first observed by BESIII and Belle collaboration in 2013 [1, 2], then con-
firmed by CLEOc data [3]. The Z.(3900)* couples to charmonium and has an electric charge, it can
not be a conventional ¢ state. Proposed interpretations for Z= include hadronic molecules, hadro-
quarkonia, tetra-quark states, kinematic effects and so on. Subsequently, based on the data sets
accumulated at center-of-mass above 4 GeV, a large amount of charged charmonium-like states,
Z.(3885)*, Z.(4020)*, Z.(4025)*, as well as their isospin partners, the neutral states Z.(3900)°,
Z.(3885), Z.(4020)°, Z.(4025)", were observed [4, 5, 6,7, 8,9, 10], which are displayed in Fig. 1.
The masses, widths and decay modes for Z, states are summarized in Table 1.
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Figure 1: The observed Z, states at BESIII.

Table 1: The parameters and decay mode of the current Z. states at BESIII.
State M (MeV/c?) I' MeV) Process Decay

Z.(3900)* 3899.0+3.64+4.9 46+10+20 ete” watn Jy i AV
Z.(3900)° 3894.8423+2.7 29.6+82+82 ete” — nlnlJy Iy
Z.(3885)% 38843412415 248421426 ete” — n5(DD*)T (DD*)*
Z.(3885)° 3885.7'13+484 35t +15 ete” — n0(DD*)?  (DD*)°
Z.(4020)* 4022.9+0.842.7 79427426 ete” —atA A, nth,
Z.(4020)°  4023.942.2+3.8 7.9(fixed) ete™ — %70, 7°h,
Z.(4025)*  4026.342.6+3.7 24.845.6+7.7 ete” — nt(D*D*)T (D*D*)*
Z.(4025)%  4025.5739+3.1  23.04+6.0+1.0 ete” — a'(D*D*)°  (D*D*)°

2. X(3823) and X (3872) states

In 2013, the Belle collaboration observed a new resonance X (3823) — .1 with 3.1 signif-
icance via the process B — K7y [11]. Recently, the BESIII collaboration firmly established the
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X (3823) resonance in the process ete™ — T Yy, with 4.67 fb~! data set above 4 GeV with
6.20 statistical significance [12], as shown in Fig. 2 (a). The mass is measured to be 3821.7+ 1.3+
0.7 MeV/c? and its width is quite narrow, which agrees quite well with Belle. By further studying
the properties of X (3823), both BESIII and Belle support it’s a perfect candidate for the missing
v(1°D5) charmonium state.

The X (3872) is still the most puzzling particle more than 10 years after its discovery. In order
to understand its true nature, various studies toward its properties are going. Among these efforts,
the BESIII collaboration’s recent search for ete™ — yX(3872) process above 4 GeV [13] looks
quite interesting. BESIII has observed the X (3872) state with 6.30 statistical significance, and
measured its mass to be 3871.9 +0.7 + 0.2 MeV/c?, which agrees quite well with other experi-
ments. BESIII also observed the decay Y (4260) — yX (3872) for the first time, shown in Fig. 2 (b),
and the radiative transition may hint a common nature for their internal structure.
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Figure 2: (a) X(3823) and (b) the exotic X (3872) state at BESIIIL.

3. Light meson/baryon spectroscopy

3.1 X states at the 1.8-1.9 GeV/c? region

Since the first observation of X(1835) in J/w — yx™ w1’ by the BESII experiment [14],
possible interpretations including pp bound state, second radial excitation of the 1/, and pseudo-
scalar glueball have been proposed. Recently, a new process J/y — yX(1835) — yK°Kn at
low K°K? mass was observed [15], shown in Fig. 3 (a), where the K’K? system is dominanted
by resonant f,(980) contribution. By performing partial wave analysis (PWA), the spin-parity
is determined to be J*€ = 0~*. The mass and width are determined as 1844 + 9(stat) "33 (syst)
MeV/c? and 19275 (stat) *%3 (syst) MeV, respectively.

BESIII reported the first observation of the X (1870) in J/y — @nt7~n in 2011 [16]. More
recently, the spin-parity of the threshold structures, X (pp), is determined as 0~ by the PWA
of J/y — ypp at BESIII [17]. Its peak mass is determined to be M = 183271 (star) ;'8 (syst)
MeV/c?, and its total width " < 76 MeV at 90% C.L. While the spin-parity of the enhancement
near 0¢ threshold, X (1810), is confirmed to be 07" in the PWA of J/y — yw¢ [18]. In 2013, a
new structure at 1.84 GeV/c?, X (1840), is first observed in J/y — y3(x7~) [19]. The mass and
width are measured to be M = 1842.2 i4.2§fg'l MeV/c? and T’ = 83+ 14+ 11 MeV, where the mass
is in agreement with those of X (1835) and X (pp), while its width is significantly different from
either of them. The comparison of the masses and widths of the X states at 1.8-1.9 GeV/c? mass
region are displayed in Fig. 3 (b). Further studies are needed to establish the relationship between
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different experimental observations in this mass region and determine the nature of the underlying
structures.

3.2 PWA of Jy — ynn

Radiative J/y decay is a gluon-rich process and has long been regarded as one of the most
promising hunting ground for glueballs. A full PWA has been carried out for the selected J/y —
Ynn events using the relativistic covariant tensor amplitude method [20]. The fit indicates that the
scalar resonances fy(1500), fo(1710), fo(2100) and the tensor resonances f3(1525), f>(1810), f2(2340)
are needed in the process, as shown in Fig. 3 (a).

3.3 Observation of two hyperons in y(3686) — K~ AZ"

In the decay y(3686) — K~ AZ™, two hypersons Z(1690)~ and Z(1820)~ are observed with
significance of 4.9¢ and 6.20, respectively [21]. Fig. 3 (b) shows the result of an unbinned maxi-
mum likelihood fit to K~ A invariant mass spectrum. The fitted resonance parameters are consistent
with the values in particle data group (PDG) within one standard deviation. This is the first time
that £(1690)~ and E(1820)~ hyperons have been observed in charmonium decays, which would
provide new information on charmonium decays to hyperons.
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Figure 3: (a) The X (1835) in J/y — yX(1835) — yK'K?n; (b) The comparison of the X states at 1.8-1.9
GeV/c? mass region; (c) The invariant mass spectrum of N7 in the J/y — ynn and PWA fit projection; (d)
The fit result of K~ A invariant mass spectrum.

3.4 Observation of two new N* resonances in y/(3686) — ppn’

The decay of w(3686) — ppn® is thought to be dominated by two-body decays involving
N*, N* states and a hypothetical pp resonance. By including the resonances with significance
larger than 56 and N(940) (according to the framework of soft 7 meson theory), 7N* intermediate
resonances are needed to describe the data well [22]. Among these, two new resonances, N(2300)
and N(2570) are significant, one 1/2% resonance with a mass of 2300730 7\* MeV/c? and width
of 34038121;0 MeV/c2, and one 5 /2~ resonance with a mass of 2570f}8ﬁg MeV/c? and width of
250723157 MeV/c?. For the remaining SN* intermediate resonances [N(1440), N(1520), N(1535),

N(1650), and N(1720)], the analysis yields mass and width values that are consistent with those
from established resonances.

4. Summary

Based on the data sets collected with the BESIII detector, some significant progress in
charmonium(-like) studies have been presented. To make clear the nature of some new
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Figure 4: The PWA result of y(3686) — ppr’.

observations, such as the quantum numbers of the exotic Z, states and the structures in 1.8-1.9
GeV/c? region, more studies are needed. With some analysis are on going, we expect more results
will come up soon.
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