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none of them were unambiguously identified to date.

The J/¢ and ¢(3686) decays have provided a
wealth of

0 Introduction

At present our theoretical understanding of hadron

information on the light

the light hadron spectrum remains based largely on
the quark model due to the failure of the
application of the perturbative theory in the low
energy regime. In addition to the coventional
hadrons predicted by the quark model, however,
one of the clearest predictions of quantum
chromodynamics (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 experiments, but
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spectroscopy since it was discovered in 1970s.
Since their masses are below the charm meson
pair, the direct decay into charmed mesons is
forbidden, which offers a clean laboratory to study
light hadron spectroscopy. Furthermore the
comparison of the radiative and the hadronic decays
not only provides insight into the decay
mechanisms, but also helps in differentiating
between the conventional gq states and the new
spectroscopy.

In this paper, we present the progress on the
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light meson spectroscopy. baryon spectroscopy and
light meson decays based on the samples of 1.3 X
10 J/¢ events and 1.06 X 10° ¢ (3686) events
collected with the BESIII detector.

1 Light meson spectroscopy

In 2005 the X(1835) resonance was observed
inJ/¢g—>yr 1 77’[1] , which stimulated theoretical
BESIII, this
decay

speculations on its nature. At

structure was confirmed in the

[2]

same
channel”’ and similar structures around 1. 85 GeV/
¢* were observed. To understand their nature,
further study is strongly needed, in particular,
searching for new decay modes.

In this paper, we present a study of J/¢—
7K\K577m decays using a sample of (1 310.6 £
10.5) X'10° J/¢ events collected with the BESIII
detector. By requiring that Mgk, be in the
S0(980) mass region, Mgy, <<1.1 GeV/c*, the
structure around 1. 85 GeV/c¢* shown in Fig. 1(a)
is clearly seen. A partial wave analysis (PWA) is
performed and the spin parity of the X (1835) is
determined to be J®™ =0"". The mass and width
are measured to be 1 844=+9(stat) "} (syst) MeV/
¢ and 19272 (stat) ' (syst) MeV, respectively.,

which is consistent with the results obtained by
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results 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 determine whether
X(1840) is a new state or the signal of a 3(zx" 7 )
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-
independent PWA of J/¢ — yn'n’.
displayed in Fig. 2 (b) indicate that the scalar

The results

contributions are mainly from ¢(600), f,(1370),
fo C1500), f, (1710) and f, (2020). The
production rate of the pure gauge scalar glueball in
J/¢ radiative decays predicted by the lattice
QCD" was found to be compatible with the
of J/¢ decays to
f0(1710), which suggests that f, (1710) has a
larger overlap with the glueball compared to other
glueball candidates (e. g. , f,(1500)). The tensor

components, which is dominantly from f,(1270),

production rate radiative

also have a large contribution in J/¢ > yn'n’

decays.
250
E (b * X(1835); J* unknown (Ref.[6])
200 :_ -I_ O X(1870); J* unknown (Ref.[5])
. C T A X(1835); J°=0" (Ref.[2])
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The error bars include statistical, systematic, and, where applicable, model uncertainties.

Fig.1 (a) K¢K$y invariant mass spectrum for events with the requirement Myogy << 1.1 GeV/c* and

PWA projections; (b) comparisons of observations at BESIII

BESII in J/¢—>yr' = 7.
Fig. 1(b) shows the comparison to the BESIII
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2 Baryon spectroscopy

To search for new excited N* baryons, we
performed a PWA of ¢(3686)—>ppx’'") and found
that the dominant contributions are from 7N*
N—x—

resonances, two new resonances are significant,

intermediate resonances. Among these

. 404109
one 1/2" resonance with a mass of 2300750")

MeV/c? and width of 3407571 MeV,
5/2° resonance with a mass of 2570°}073 MeV/¢?
and width of 250775

5N intermediate resonances, the mass and width

and one

MeV. For the remaining

values from the PWA are consistent with those
from established resonances.

Using a sample of 1. 06 X 10 ¢(3686) events
collected at the BESIII detector, the processes of
$(3686)>K AZ" and ¢(3686)>yK A= " are
studied for the first time. In the decay ¢(3686)—
K~ AE", the branching fraction % (¢ (3686) —
K AE") is measured, and two structures, around
1 690 and 1 820 MeV/c?, as indicated in Fig. 4, are

observed in the K~ A invariant mass spectrum with
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significances of 4.9 and 6. 20, respectively. The
fitted resonance parameters are consistent with
those of & (1690) and 5 (1820) in the PDG'*
within one standard deviation. The measured
masses and widths are determined to be Mz 1400y =
(1687.743.8+1.00MeV/c? e gy = (27. 14
10.042. HMeVs My e, = (1 826. 745 5+1.6)
MeV/c* and TI's (1500, = (54. 4 +15. 74 4. 2) MeV.
This is the first time that Z (1690) and 5 (1820)
hyperons have in charmonium
study of the decay ¢ (3686) —
yK~AZ" . the branching fractions % (¢ (3686) —
K 3Z7) and D (xg =K~ AE") are measured.
The measurements provide new information on

the

resonance parameters of the hyperons, and may

been observed

decays. In the

charmonium decays to hyperons and on
help in the understanding of the charmonium decay

mechanism.

3 Light meson decays

Based on a sample of 1.3 billion J/¢ events

taken with the BESIII detector, we report the first
30000

2

R

5
@
(=3
(=3
S
LLLY LLLRY LLLLY LERRY LELLY AL

N H # .S:l?*.;ﬁ-‘ﬁaw-_
0.5 1.0 1.5 2.0 2.5 3.0
mass(77) / (GeV-¢?)
(b) 27 El

4500
4000~
3500E- ]

3000 .
2500
2000 E- !
1500E- I ’ I
1000 I 1,:;‘1 .
: T LTSl g Lt I i
508 i ;im.ni‘u—.wd-&"ﬂp il -:‘J;’J-:}h‘r:ﬁ URGRRR ‘.; 3];,3;.}',@ ul, J‘fhi,
0.5 1.0 1.5 2.0 2.5 3.0
mass(Z°7’) / (GeV-¢™?)

(d) 2" E3

events / (15 MeV-¢?)

L

The solid black markers show the intensity calculated fromone set of solutions,

while the open red markers represent its ambiguous partner.

Note that the intensity of the 27 E3 amplitude is redundant for the two ambiguous solutions.
Fig. 2 The intensities for the (a) 07%, (b) 2¥+ E1, (¢) 2** M2 and (d) 271 E3 amplitudes

as a function of Mo o for the nominal results
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Fig. 4 The contribution of each intermediate resonance

in the pr° mass spectra

observation of 77/%7r‘ r x QO x ' decays via J/¢
radiative decays'”. Fig. 5(a) and Fig. 5(b) show
the M + - + - and M + - 00, respectively, where
the 77/ peaks are clearly observed and the dominant
background events are from the other 77/ decays,
but none of them contribute to the 77/ peak. The
branching fractions are determined to be ;%’(1/9
i e )=1(8.634+0.69+0.64) X 107 and
By >rtm 2x)=(1.82£0.35+0.18) X 10 *,
which are with  the

consistent theoretical

predictions based on the combination of chiral
perturbation theory (ChPT) and vector-meson
dominance™™, but could rule out the broken-SU; X O,
quark model.
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Fig. 5 The invariant mass distributions of
!

(@rx" 7 7' 7 and (b) 7" 7 #"#° and the fit results

Recently considerable theoretical efforts to
explain the discrepancy that the predicted decay
width of p—>x" 7 =z at the tree level of chiral
perturbation theory (ChPT) is much lower than
the experimental value of (300 =+ 11) eV, To
distinguish between the different theoretical
approaches, precise measurements of the matrix
elements for p>rz" n x’ and the decay width are
important. At BESIII, a clean sample of 79 6255~
" 7% candidate events are selected and the
background contamination is estimated to be about

0.1%. The distribution of X and Y. two of the

3
Dalitz plot variables defined as X_g(T; —T-)
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F
m,+2m, T, . )
and Y=——————1, are shown in Fig. 6 (a)
m,

and (b). The Dalitz plot matrix elements for »—
n 7 are determined to be a=—1.128+0. 015
+0.008, 6=0.153+0.017+0.004, d=0.085=+
0.016+0.009, f=0.17340.028=40.021, where
the first errors are statistical and the second ones
reasonable

systematic. The results are in

agreement with previous measurements.
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Fig. 6 Projections of the Dalitz plot (a) X
and (b)Y for p >z 7 7’

For the decays of p—>n"z’x", the distribution
of the variable Z is displayed in Fig. 7(b). Due to
the kinematic boundaries, the interval of 0<CZ<C
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 p—>z" = 2°, an unbinned
maximum likelihood fit, as displayed in the inset of
Fig. 7(a), yields the Dalitz plot slope parameter
a=—0.055%+0.014+0. 004, which is compatible

with the recent results from other experiments and
in agreement with the prediction from ChPT at
NNLO within two standard deviations of the

theoretical uncertainties.
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Fig. 7 Distribution of the kinematic variable Z

for (a) p— "2’z and (b) 77/ —'n’ 7

1, we also presented the

In the same analysis''®
Dalitz plot analysis of 5 —>z’zx"z". The Dalitz plot
slope parameter for 77/971'071'077:0 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 ' >x"7"z". 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
amplitude up to the fifth and sixth order of X and

Y has been used to parameterize the Dalitz plot of
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7 >’ 7’ 7M. The coefficient, which corresponds

to in this paper, is found to be in the range
between — 2.7 and 0.1,
measurement,

Theoretically the

consistent with our

non-resonant part of
coupling in 77/9771‘ 7w 1s accounted for by the
higher term of Wess-Zumino-Witten ( WZW )
ChPT Lagrangian‘! (also known as the box
anomaly). However the decay dynamics of 77/—>
yr© x has been explored with very limited
statistics only and new measurements are needed to
clarify the scenario. In this work, a sample of
9 10677/_’)’7T+ 1 events is selected to investigate its
decay dynamics and the " 7 mass spectrum is
shown in Fig. 6 with a background level of 1%.
The shape of the M + -

parameterizations with the model-dependent and

spectrum is analyzed in

model-independent approaches respectively. For
the model-dependent approach, the results show
that only p (770) resonance is insufficient to
describe the data even considering p (770), 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 37 s. We also try to
replace the box anomaly with p(1450) (Fig. 8(b))
by fixing its mass the width to be the world
The fit also

reasonable description of data.

average values. can provide a
Therefore, we
conclude that in addition to p(770) and w, the box
anomaly is necessary, but the contribution from

0(1450) could not be ruled out.

4 Conclusion

Based on the data samples taken at the peak of
J/¢s ¢p(3686), the recent progress on the hadron
spectroscopy is presented in this paper.

For the light hadron spectroscopy, besides the
confirmation of X (1835) in J/¢ radiative decays,
the X (1840), is observed in J/¢—yKsKsy. Its
spin-parity is determined to be J® =0"", which
implies that X(1835) is a pseudoscalar resonance.

The mass and with are consistent with the previous
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Fig. 8 The fit results for different cases: (a) p(770) —w »
(b) p(770) —w—box and () p(770) —w— p(1450)

measurements. In addition, the PWA of J/¢—
yr'7® is performed. For the baryon spectroscopy,
states, N (2300) and
N(2570), were observed based on the the PWA of
P(3686)—> ppr’.

on 77/77/ decays was achieved, including observation
+

two new excited N*

In addition, significant progress

of f >x"n x @ x ©, Dalitz plot of y>x" 7 2,

77/77/937r0 , and 77/9}/77‘ T .

The interesting results not only underline the
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importance of the study of hadron spectroscopy,
but also demonstrate the effectiveness of a

programmatic approach to studying hadron

spectroscopy at BESIII. With the high statistical
data accumulated at the BESIII detector, more

interesting results are expected to arrive soon.
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