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The BESIII experiment has accumulated a large sample of J/ψ , ψ ′ and ψ(3770) data set.
Through these charmonium radiative and hadronic decays, we can explore the light hadron spec-
troscopies. In this talk, we will report our recent results on the properties of the X states, such as
X(1835) and X(pp̄) , study of J/ψ → radiative decays (J/ψ → γKsKsη , γπ+π−η ′, γπ0π0) and
progress on the baryon spectroscopy (Ξ∗ states other related topics on baryonic pair production).
In addition, we also present our results on the decays of light mesons η and η ′ at BESIII
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1. Introduction

One of the main open questions of the high energy physics is related to the understanding of the
energy region below the J/ψ . There, the theorems of the perturbative Quantum ChromoDynamics
(pQCD) are not anymore reliable and it is missing one theory that can give quantitative predictions
on different processes. Up to now, different models, like Vector Meson Dominance (VMD) [1], are
good attempts to answer these questions, but no one seems to have a complete understanding of the
whole problematics.

The study of the light hadron spectroscopy opens a way to start understanding the behaviour
and the recurrencies in these states and may be an useful proof to shed light in the plethora of
different theoretical predictions. With its unprecedents statistic collected at J/ψ , ψ ′ and ψ(3770),
the BESIII experiment [2] has the opportunity to test different theoretical models studying radiative
and hadronic decays of charmonia to these light states and to point out interesting properties typical
of this energy regime. At the same time, because of the largest statistic in the world, it can search
for new unpredicted new states and for decay modes theoretically predicted but never discovered.

BEPCII is a double-ring multi-bunch e+e− collider running in the tau-charm energy region
The BESIII detector, described in detail in [2], has a geometrical acceptance of 93% of 4π solid
angle. It consist of a drift chamber (MDC), a time-of-flight (TOF) system, and an electromagnetic
calorimeter (EMC), all enclosed in a super-conductiong solenoid with 1.0 T magnetic field.

In this work, the attention will be focused on two of the latest results of BESIII: the analysis of
the properties of X(18XX) states, a series of new pseudoscalar states close to the proton-antiproton
threshold mass, with a focus on the J/ψ→ γK0

S K0
S η partial wave analysis [3]; the first observation

of the Dalitz decay of η → γe+e−, using a radiative decay of J/ψ [4], proving that BESIII can be
also considered a proper η− f actory.

2. Review of the status of BESIII X(18XX) states

The X(1835) was first discovered by BESII in the J/ψ radiative decay channel J/ψ→ γη ′π+π−

[5] and later confirmed by BESIII in the same channel [6]. Moreover, a plethora of new states were
observed in the same mass region in different radiative decay mode of J/ψ ([7], [8], [9]). A struc-
ture in the J/ψ radiative decay in proton-antiproton pair was also observed [10], with a peak nearby
the X(1835) mass.

Different hypothesis about its nature were made: theoretician pointed out that the state might
be the η ′ second radial excitation [11], a pp̄ bound state [12] or a glueball [13]. It is necessary
to measure its JPC and to search new decay modes. In the following lines is reported the first
observation and spin-parity determination of the X(1835) in J/ψ→ γK0

S K0
S η by means of a Partial

Wave Analysis (PWA). The analysis is based on a sample of (1310.6±10.5)×106 J/ψ .
The invariant mass spectrum of K0

S K0
S η is shown in Fig 1 (a). Besides a clear ηc signal, a

structure around 1.85GeV/c2 is observed. Fig 1 (b) shows the K0
S K0

S mass spectrum. It shows a
strong enhancement near the threshold, which is interpreted as the f0(980) by considering spin-
parity and isospin conservation. The scatter plot of the invariant mass of K0

S K0
S versus that of

K0
S K0

S η is shown in Fig 1 (c). A clear accumulation of events is seen around the intersection of
the f0(980) and the structure arounf 1.85 GeV/c2. The correletion between the structure of 1.85

2



P
o
S
(
E
P
S
-
H
E
P
2
0
1
5
)
4
2
3

Light hadron spectroscopy at BESIII Giulio Mezzadri

GeV/c2 and the f0(980) is made more clear, by requiring MK0
S K0

S
< 1.1GeV/c2: in this way, the

structure becomes much more prominent, as shown in Fig 1 (d).

Figure 1: Invariant mass distribution for selected events: (a) and (b) are the invariant mass spectra of K0
s K0

s η

and K0
s K0

s , respectively; (c) is the scatter plot of the invariant mass of K0
s K0

s versus that of K0
s K0

s η ; (d) is
the K0

s K0
s η invariant mass spectrum for events with the requirement MK0

S K0
S
< 1.1 GeV/c2. The dots with

error bars are data; the shaded histograms are the non-η backgrounds estimated by the η sideband; the
solid histogrmas are phase space MC events of J/ψ → γK0

s K0
s η passing the same event selction and with

aribitrary normalization.

A PWA of events satisfying MK0
S K0

S η
< 2.8GeV/c2 and MK0

S K0
S
< 1.1GeV/c2 is performed to

determine the parameters of the structure. These restrictions reduce complexities due to interme-
diate processes. Parity conservation in the J/ψ → γK0

S K0
S η decay restricts the possible JPC of the

K0
S K0

S η (X) system to be 0−+, 1++, 2++, 2−+, 3++, etc. Only spins J < 3 and possible S−wave or
P−wave decays of the X are considered.

The K0
S K0

S η , K0
S K0

S , K0
S η mass spectra are shown in Fig. 2. Overlaid on the data are the PWA

fit projections, as well as the individual contributions from each component. The spin-parity of
the X(1835) is determined to be 0−+ and the mass and width of the X(1835) are measured to be
1844± 9(stat)+16

−25(syst)MeV/c2 and 192+20
−17(stat)+62

−43(syst)MeV, respectively. The mass and the
width of the X(1835) are consistent with the values obtained from the decay J/ψ → γπ+π−η ′ by
BESIII. These results are all first-time measurements and provide important information to further
understand the nature of X(1835). Another 0−+ state, the X(1560), is observed in data and is
seen to interfere with the X(1835). Present statistics do not allow to conclusively determine if the
X(1560) is the same state as η(1405)/η(1475).
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Figure 2: Comparison between data and PWA fit projections. (a), (b) and (c) are the invariant mass distribu-
tion of K0

S K0
S η , K0

S K0
S , and K0

S η (two entries/event), respectively. The dots with error bars are data, the solid
histograms are the PWA total projections, and the short-dashed, dash-dotted and long-dashed histograms
show the contribution of X(1835), X(1560) and the non-resonant component, respectively.

3. Observation of Dalitz decay η → γe+e−

Electromagnetic (EM) Dalitz decays of light pseudoscalar mesons, P→ γl+l− (P = π0, η , η ′;
l = e, µ), play an important role in revealing the structure of hadrons and the interaction mechanism
between photons and hadron [14]. If one assume point-like particles, the decay rates can be exactly
calculated by Quantum ElectroDynamics (QED) [15]. Modifications to the QED decay rate due
to the inner structure of the mesons are encoded in the transition form factor (TFF) F(q2), where
q is the momentum transferred to the lepton pair, and q2 is the square of the invariant mass of the
lepton pair.

In the following lines, the first observation of the Dalitz decay η ′→ γe+e− is presented. The
differential decay width, normalized to the radiative decay width η ′→ γγ , is

dΓ(η ′→ γe+e−)
dq2Γ(η ′→ γγ)

=
2α

3π

1
q2

√
1−

4m2
l

q2

(
1+

2m2
l

q2

)(
1− q2

m2
η ′

)3

|F(q2)|2

=
[
QED(q2)

]
×|F(q2)|2,

where mη ′ and ml are the masses of the η ′ meson and the lepton respectively; α is the fine struc-
ture constant; and

[
QED(q2)

]
represents the calculable QED part for a point-like meson. F(q2)

can be experimentally determined from differences between the measured di-lepton invariant mass
spectrum and the QED calculation. In the VMD model [1] it is assumed that interaction between
virtual photon and hadrons are dominated by a superposition of neutral vector meson states. The
parameter to be experimentally determined is the slop of the form factor b, which is related to the
effective virtual vector meson mass Λ by

b =

(
dF
dq2

)
q2=0

= Λ
−2

In experiments, the single-pole form factor is generally used to extract the slope of the form
factor. For the case of η ′, the pole is expected to lie within the kinematic boundaries of the decay.
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The square of the form factor is described by

|F(q2)|2 = Λ2(Λ2 + γ2)

(Λ2−q2)2 +Λ2γ2

where Λ and γ correspond to the mass and the width of the Breit-Wigner shape for the effective
contribuiting vector meson.

For the η ′ Dalitz decay, only the process η ′→ γµ + µ− has been observed and the slope of
the form factor was measured to be bη ′ = (1.7± 0.4)GeV−2 [14], [16] . In the VMD model, the
TFF slope is expected to be bη ′ = (1.45)GeV−2 [17], while for ChPT it is bη ′ = (1.60)GeV−2

[18].
After that selection criteria were applied for both the signal and normalization channels, the

ratio Γ(η ′→ γe+e−)/Γ(η ′→ γγ) is determined using the following formula:

Γ(η ′→ γe+e−)
Γ(η ′→ γγ)

=
Nη ′→γe+e−

Nη ′→γγ

·
εη ′→γγ

εη ′→γe+e−

where Nη ′→γe+e−(Nη ′→γγ) and εη ′→γγ(εη ′→γe+e−) are the number of observed signal events and the
detection efficiency, respectively. The results is

Γ(η ′→ γe+e−)
Γ(η ′→ γγ)

= (2.13±0.09(stat)±0.07(sys))×10−2.

The TFF is extracted from the bin-by-bin efficiency corrected signal yields for eight different
M(e+e−) bins. The bin widths are all chosen to be 0.1GeV/c2. Figure 3 shows the efficiency
corrected signal yield versus M(e+e−) with the QED shape superimposed for comparison. The
discrepancy between QED and data, which reflects the TFF, is evident in the high M(e+e−). From
the fit of the ratio of each bin yield with respect to the QED predication in each M(e+e−) interval,
shown in Fig. 4, is possible to extract the slope of the form factor. A value of bη ′ = (1.60±
0.19)GeV−2 is obtained, in agreement with the value in the process η ′ → γµ+µ− and within
errors with the VMD model predictions.
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Figure 3: Efficiency-corrected signal yield ncorr
i versus M(e+e−). The (black) crosses are data and the

(gray) shaded histogram indicates the point-like QED results.

Figure 4: Fit to the single pole form factor |F |2. The (black) crosses are data, where statistical and systematic
uncertainties are combined, the (blue) solid curve shoes the fit results. The (gray) dotted line shows the
point-like case (i.e. |F |2 = 1) for comparison
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