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1 Introduction

At present our theoretical understanding of the light
hadron spectrum remains based largely on the quark
model due to the failure of the application of the pertur-
bative theory in the low energy regime. In addition to the
coventional hadrons predicted by the quark model, how-
ever, one of the clearest predictions of Quantum chromo-
dynamics (QCD) is the presence of exotic hadrons, e.g.,
glueballs, multiquark states and hybrids. The search for
these exotic states has been taken for many years and
many candidates have been reported by different exper-
iments, but none of them were unambiguously identified
to date.

The J/v and 1(3686) decays have provided a wealth
of information on the light hadron spectroscopy since
they was discovered in 1970s. Due to their masses are be-
low the charm meson pair, the direct decay into charmed
mesons is forbidden, which offers a clean laboratory to
study light hadron spectroscopy. Furthermore the com-
parison of the radiative and the hadronic decays pro-
vides not only insight into the decay mechanisms, but
also helps in differentiating between the conventional ¢q
states and the new spectroscopy.

In this talk, we present the progresses on the light me-
son spectroscopy, baryon spectroscopy and light meson
decays based on on the samples of 1.3 x 10° J/1) events
and 1.06 x 10® ¢(3686) events collected with the BESIII
detector.

2 Light meson spectroscopy

In 2005 the X(1835) resonance was observed in
J/Yp — yrtr~n'[1], which then stimulated theorectial
speculstions on its nature. At BESIII, this structure was
confirmed in the same decay channel [2] and other similar
structures around 1.85 GeV/c? were observed. To under-
stand their nature, further study is strongly needed, in
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the BESIII detector, light hadron spectroscopy, charmonium decays

particular, in searching for new decay modes.

In this talk, we present a study of J/¢ — vKsKgn [3]
decays using a sample of (1310.6 &+ 10.5) x 10° J/¢
events collected with the BESIII detector. By requiring
that My k. is in the f;(980) mass region, My x.il.1
GeV/c?, the structure around 1.85 GeV/c?> shown in
Fig. 1 (a) is clearly seen. A partial wave anlaysis (PWA)
is performed and the spin parity of the X (1835) is de-
termined to be JF¢ = 0~*. The mass and width
are measured to be 1844 +9(stat)™32(syst) MeV/c? and
1921770 (stat) 53 (syst) MeV, respectively, which are con-
sistent with the results obtained by BESIII in J/¢) —
vty [2].

Figure 1 (b) shows the comparison to the BESIII re-
sults of the masses and widths of the X (pp), X (1835),
X (1870) X (1840) and X (1810). The mass of X (1840) is
in agreement with X (pp), while its width is significantly
broader. Therefore, based on these data, one cannot de-
termine whether X (1840) is a new state or the signal of a
3(rt7~) decay mode of X (pp). Further study, including
an amplitude analysis to determine the spin and parity
of the X (1840), is needed to establish the relationship
between these experimental observations.

In addition, we also performed the model-indepedent
PWA of J/¢ — y7°7°. The results displayed in Fig. 2(b)
indicate that the scalar contributions are mainly from
(600, fo(1370), fo(1500), fo(1710) and f,(2020). The
production rate of the pure gauge scalar glueball in J/v
radiative decays predicted by the lattice QCD [10] was
found to be compatible with the production rate of J/v
radiative decays to f,(1710); this suggests that f;(1710)
has a larger overlap with the glueball compared to other
glueball candidates (e.g., fo(1500)). The tensor compo-
nents, which is dominantly from f,(1270), also have a
large contribution in J/v¢ — y7°7® decays.
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Fig. 1. (a) K3KYn invariant mass spectrum

for events with the requirement M K9KY <
1.1 GeV/c*and PWA projections; (b) compar-
isons of observations at BESIII. The error bars
include statistical, systematic, and, where appli-
cable, model uncertainties.

3 Baryon spectroscopy

To search for new excited N* baryons, we performed
a PWA of ¢(3686) — ppr® [11] and found that the
dominant contributions are from 7 N* intermediate res-
onances. Among these N* resonances, two new reso-
nances are significant, one 1/2% resonance with a mass of
2300735 75% MeV /c? and width of 340755711 MeV, and
one 5/2~ resonance with a mass of 2570715135 MeV /c?
and width of 25073;759 MeV. For the remaining 5 N*
intermediate resonances, the mass and width values from
the PWA are consistent with those from established res-
onances.
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Fig. 2. The intensities for the (a) 071, (b) 27+ E1,

(c) 27* M2 and (d) 2" E3 amplitudes as a func-
tion of M, 0,0 for the nominal results. The solid
black markers show the intensity calculated from
one set of solutions, while the open red markers
represent its ambiguous partner. Note that the
intensity of the 2*+ E3 amplitude is redundant
for the two ambiguous solutions.

Using a sample of 1.06 x 10® )(3686) events collected
at the BESIII detector, the processes of 1(3686) —
K~-AZ* and 9(3686) — yK~AZ* [12] are studied for
the first time. In the decay (3686) — K~ AZ*, the
branching fraction B(v(3686) — K~ AZ*) is measured,
and two structures, around 1690 and 1820 MeV/c?, as in-
dicated in Fig. 4, are observed in the K ~ A invariant mass
spectrum with significances of 4.90 and 6.20, respec-
tively. The fitted resonance parameters are consistent
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with those of Z7(1690) and Z7(1820) in the PDG [13]
within one standard deviation. The measured masses,
widths are determined to be Mz- (1690)=1687.7£3.84+1.0
MGV/CZ, FE—(1690):271:|:100:l:27 MGV, ME—(1820):
1826.7+5.5+1.6 MeV /c® and I'=- (1820) = 54.4+15.7+£4.2
MeV. This is the first time that 27 (1690) and =~ (1820)
hyperons have been observed in charmonium decays. In
the study of the decay 1(3686) — vK ~ A=+, the branch-
ing fractions B((3686) — K~X°Z*) and B(x., —
K~AZ") are measured. The measurements provide new
information on charmonium decays to hyperons and on
the resonance parameters of the hyperons, and may help
in the understanding of the charmonium decay mecha-
nism.
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Fig. 4. The contribution of each intermediate res-
onance in the p7r0 mass spectra.

4 Light meson decays

Based on a sample of 1.3 billion J/v¢ events taken
with the BESIII detector, we report the first observa-
tion of ' — atr 7t W7~ decays via J/¢ radiative
decays [14]. Fig. 5(a) and Fig. 5(b) show the M+ -+ -
and My, .- +©) .-, respectively, where the n’ peaks are
clearly observed and the dominant background events are
from the other 1" decays, but none of them contribute to
the i’ peak. The branching fractions are determined to
be B(n' —» nta 7w )=(8.63+0.69+0.64) x 10~° and
B(n' — ntn 7%7%)= (1.82£0.35+0.18) x 10~*, which
are consistent with the theoretical predictions based on
the combination of chiral perturbation theory (ChPT)
and vector-meson dominance [15], but could rule out the
broken-SUg x O3 quark model.
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Fig. 5. The invariant mass distributions of (a)
atr rTr” and (b) 777~ 7%7% and the fit results

Recently considerable theoretical efforts to explain
the discrepancy that the predicted decay width of n —
aT7~ 7m0 at the tree level of chiral perturbation theory
(ChPT) is much lower than the experimental value of
300+ 11 eV [13]. To distinguish between the different
theoretical approaches, precise measurements of the ma-
trix elements for 7 — 7t7~ 7% and the decay width are
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important. At BESIII, a clean sample of 79,625 n —
atr~ 7% [16] candidate events are selected and the back-
ground contamination is estimated to be about 0.1%.
The distribution of X and Y, two the Dalitz plot variables
defined as X = g(T,,Jr —T,-)and Y = %ﬁmw% -1,
are shown in Fig. 6 (b) and (c¢). The Dalitz plot ma-
trix elements for n — wt7~7° are determined to be
a=—1.128£0.0154+0.008, b = 0.153+0.017£0.004,
d= 0.085+0.016+0.009, f = 0.173+0.028+0.021,
where the first errors are statistical and the second ones
systematic. The results are in reasonable agreement with
previous measurements.
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Fig. 6. Projections of the Dalitz plot (a)X and (b)
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For the decays of n — 777, the distribution of the vari-
able Z is displayed in Fig. 7(b). Due to the kinematic
boundaries, the interval of 0 < Z < 0.7, corresponding to
the region of phase space in which the Z distribution is
flat, is used to extract the slope parameter « from the
data. Analogous to the measurement for n — 77— 7°,
an unbinned maximum likelihood fit, as displayed in the
inset of Fig. 7(a), yields the Dalitz plot slope parame-
ter &« =—0.055+£0.01440.004, which is compatible with
the recent results from other experiments and in agree-
ment with the prediction from ChPT at NNLO within
two standard deviations of the theoretical uncertainties.

In the same analysis [16], we also presented the
Dalitz plot analysis of ' — 7%7%7° The Dalitz plot
slope parameter for ' — 777 is measured to be
a=—0.640£0.046 +0.047, which is consistent with but
more precise than previous measurements (Fig. 7(b)).

The value deviates significantly from zero. This implies
that final state interactions play an important role in the
decay. Up to now, there are just a few predictions about
the slope parameter of ' — 77°x°. In Ref. [17], the
slope parameter is predicted to be less than 0.03, which
is excluded by our measurement. More recently, using a
chiral unitary approach, an expansion of the decay ampli-
tude up to the fifth and sixth order of X and Y has been
used to parameterize the Dalitz plot of ' — n°7°7° [18].
The coefficient, which corresponds to « in this paper, is
found to be in the range between —2.7 and 0.1, consistent
with our measurement.
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Fig. 7. Distribution of the kinematic variable Z for

(a) n—w°7°7% and (b) o’ — 7°z°%°.

Theoretically the non-resonant part of coupling in
7 — yrtw~ is accounted for by the higher term of
Wess-Zumino-Witten (WZW) ChPT Lagrangian[4] (also
known as the box anomaly). However the decay dy-
namics of h0 !gp+p?? has been explored with very lim-
ited statistics only and new measurements are needed
to clarify the scenario. In this work, a sample of 9
106 ' — ywt 7w~ events is selected to investigate its de-
cay dynamics and the 77~ mass spectrum is shown
in Fig. 6 with a background level of 1The shape of
the M, +,- spectrum is analyzed in parameterizations
with the model-dependent and model-independent ap-
proaches respectively. For the model-dependent ap-
proach, the results show that only p(770) resonance is
insufficient to describe the data even considering p(770),
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w resonances and the interference between them. The
fit performance get much better after including the box
anomaly [Fig. 8(a)] with a statistical significance of larger
than 37s. We also try to replace the box anomaly with
p(1450) [Fig. 8 (b)] by fixing its mass the width to be
the world average values, the fit seems also can provide
a reasonable description of data. Therefore, we conclude
that in addition to p(770) and w, the box anomaly is
necessary, but the contribution from p(1450) could not
be ruled out.
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Fig. 8. The fit results for different cases: (a)
p(770) —w, (b) p(770) —w —box and (c) p(770) —
w — p(1450).

5 summary

Based on the data samples taken at the peak of
J/1, 1(3686), the recent progresses on the hadron spec-
troscopy are presented in this talk.

For the light hadron spectroscopy, besides the confir-
mation of X (1835) in J/v radiative decays, the X(1840),
is observed in J/1) — yK2K2n. Its spin-parity is deter-
mined to be JP¢ = 0=F, which implies that X(1835)
is a pseudoscalar resonance. The mass and with are
consistent with the previous measurements. In addi-
tion, the PWA of J/i¢p — ~n°x® is performed. For
the baryon spectroscopy, two new excited N* states,
N(2300) and N(2570), were observed based on the the
PWA of 4(3686) — ppr®. In addition, the significant
progresses on eta/n’ decays were achieved, including
observation of eta’ — wtn~at@7=() Dalitz plot of
n—atra®, n/n'—3r°% and ' — .

The above interesting results not only underline the
importance of the study of hadron spectroscopy, but
also demonstrate the effectiveness of a programmatic ap-
proach to study hadron spectroscopy at BESIII. With
the high statistics data accumulated at the BESIII de-
tector, more interesting results are expected to be coming

soon.
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