Observation of new charmonium (-like) decays
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In the past few years, a large number of unexpected new states, named as "charmonium-like
states" or "XY Z states", have been found above the open charm threshold. These exotic states contains a charm anti-charm quark pair, but cannot be simply described as cc̄ bound states. In this proceeding, we review recent results of XY Z studies by the BESIII experiment, including the following analyses: X(3872) → ωJ/ψ, X(3872) → π 0 χc1 , Y (4220) → ω χc0 ,
e+ e− → π + π − ψ(3770) → π + π − DD̄ and Zc (3900) → ρηc .

XXIX International Symposium on Lepton Photon Interactions at High Energies - LeptonPhoton2019
August 5-10, 2019
Toronto, Canada
∗ Speaker.

c Copyright owned by the author(s) under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0).

https://pos.sissa.it/

PoS(LeptonPhoton2019)160

Tong Liu, for the BESIII Collaboration∗

Tong Liu, for the BESIII Collaboration

Observation of new charmonium (-like) decays

1. Intrduction

2. X states
Previous study of X(3872) → π + π − J/ψ shows that the π + π − system is dominated by the ρ
resonance. Considering that no iso-spin partners is found in proton anti-proton collision, the process of X(3872) → ρJ/ψ violates iso-spin conservation. Meanwhile, X(3872) → ωJ/ψ conserves
iso-spin and is supposed to have large branching ratio. The hadron molecule model predicts that
measuring the decay rate precisely would help to determine the ratio of various components.
Using a 11.6 fb−1 data sample collected with BESIII from 4.008 to 4.600 GeV, X(3872) is
observed for the first time in the ωJ/ψ system with significance larger than 5σ [3]. To completely
describe the ωJ/ψ mass spectrum, at least one additional Breit-Wigner resonance X(3930) is needed. Depending on fit models, the resonant parameters of X(3930) are 3932.6 ± 8.7 ± 4.7 MeV/c2
and 59.7±15.5±3.7 MeV (Fig. 1, top left), or 3926.4±2.2±1.2 MeV/c2 and 3.8±7.5±2.6 MeV
(Fig. 1, top right). The resonant parameters of X(3930) agree with Y (3940) and X(3915) observed
by Belle and BarBar. The relative decay ratio B(X(3872) → ωJ/ψ)/B(X(3872) → π + π − J/ψ)
is measured to be 1.6+0.4
−0.3 ± 0.2, which agrees with BarBar’s result 0.8 ± 0.3. The center-of-mass
dependent cross section of e+ e− → γX(3872) is described using a single Breit-Wigner resonance
Y (4200) successfully. Using simultaneous fit to the cross section distributions of X(3872) → ωJ/ψ
and π + π − J/ψ (Fig. 1, bottom), the mass and width of the BW are determined to be 4200.6+7.9
−13.3
MeV/c2 and 115+38
MeV,
respectively,
which
agree
with
the
resonant
parameters
of
Y
(4260).
−26
Using 9.0 pb−1 data collected with a center-of-mass between 4.15 and 4.30 GeV, BESIII group
search the processes e+ e− → γπ 0 χcJ and a new decay channel X(3872) → π 0 χc1 is observed for
the first time, with the relative decay ratio B(X(3872) → π 0 χc1 )/B(X(3872) → π + π − J/ψ) =
0.88+0.33
−0.27 ± 0.10 [4]. If assuming X(3872) were χc1 (2P), theory calculation in Ref. [5] predicts
Γ(X(3872) → π 0 χc1 ) as 0.06 keV, thus the total width of X(3872) would be 1.0-2.0 keV, which is
much narrower than other charmonium states.

3. Y states
Y states are produced directly in e+ e− annihilation, so they have quantum number J PC = 1−− .
The first Y state is Y (4260), observed by BarBar in the process e+ e− → γISR π + π − J/ψ, then later
Y (4360) was found in π + π − ψ(3686) spectrum. Unlike the charmonium states, these Y states
1
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In the quark model, a meson consists of one quark and one anti-quark, and a baryon is composed of three quarks. However, QCD also allows the existence of other exotic hadron states,
like tetra-quark and penta-quark [1]. The first XY Z states, X(3872), was found in the process
B± → K ± X(3872) with X(3872) → π + π − J/ψ by the Belle Collaboration in 2003 [2]. After that,
a lot more states beyond the theoretical prediction and their properties have been found and studied
in charmonium mass region, showing that they are good candidates of exotic hadrons.
The large data samples collected by the BESIII detector at the Beijing Electron Positron Collider (BEPCII) in the center-of-mass energy region between 3.6 and 4.6 GeV provide a good opportunity to study such XY Z state. In this paper, we review recent results of XY Z study in BESIII.
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Figure 1: The MωJ/ψ distribution and the fit using different fit model (top). The s dependent cross section
of e+ e− → γX(3872) → γωJ/ψ (bottom left) and e+ e− → γX(3872) → γπ + π − J/ψ (bottom right).

σ(e+e- → D D01, D01 → D0π+π- + c.c.) (pb)

strongly coupled to hidden-charm final states, so they are good candidates for exotic particles.
Recently, according to a precise cross section measurement for e+ e− → π + π − J/ψ reported by
BESIII, two structures were observed. Resonant parameters of the first one are measured to be
4.220 ± 3.1 ± 1.4 MeV/c2 and 44.1 ± 4.3 ± 2.0 MeV, respectively, at the same location as Y (4260)
but much narrower. The second resonance have mass and width as 4320.0 ± 10.4 ± 7.0 MeV/c2
and 101.4+25.3
−19.7 ± 10.2 MeV, agree with the Y (4360) state. BESIII also measured the cross section
of e+ e− → π + π − hc and open-charm final state D0 D∗− π + , and both studies see two resonances in
√
the distribution of s dependent cross section.
Using 7 fb−1 data sample with a center-of-mass energy from 4.178 to 4.278 GeV, BESIII has
recently reported a measurement of resonant parameters of Y (4220) through e+ e− → ω χc0 process
[6]. The comparison of the measured resonant parameters of Y (4220) in different channels is shown
in Fig. 2 (left). It is hard to draw a conclusion that the structures are from the same resonance; the
precision would need to be improved. Angular distribution measurement shows that the statistical
significance of a combination of S- and D-wave contributions over a pure S-wave contribution is
2σ .
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Figure 2: Left: Resonant parameters measured from different processes. Middle: Cross sections of the
process e+ e− → π + π − ψ(3770). Right: Cross sections of the process e+ e− → D1 (2420)0 D̄0 .

Considering the observation of Y states in π + π − J/ψ and π + π − ψ(3686) final states, a natural extension would be π + π − ψ(3770). As described in Ref. [7], BESIII has studied the process e+ e− → π + π − DD̄ using data sample from 4.09 to 4.60 GeV, the π + π − ψ(3770) signal has
been observed for the first time, no significant signal of π + π − ψ(13 D3 ). The cross section of
2
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e+ e− → π + π − ψ(3770) is measured and a structure is seen at 4.4 GeV (Fig. 2, middle). Based on
the current statistics, it’s hard to conclude the structure is from Y (4360) or ψ(4415). In π ± ψ(3770)
mass spectrum, we see hints of Zc states at 4.04 and 4.13 GeV. Reference [8] suggests that Y (4260)
is a relative S-wave system of D1 (2420)D̄ + DD̄1 (2420). In the analysis of e+ e− → π + π − DD̄, a
7.4σ D1 (2420) signal is observed for the first time in π + π − D mass spectrum, but no fast rise is
seen above D1 (2420)D̄ threshold (Fig. 2 (right)). In DD̄ mass spectrum, we have looked at the
heavy quark-spin-symmetry partner of X(3872), named X2 (4013)(J PC = 2++ ), whose existence
would be a strong support for X(3872) being a molecule. However, the results are negative.

Zc (3900)± state was firstly observed by BESIII and then confirmed by Belle in π ± J/ψ spectrum through process e+ e− → (γISR )π + π − J/ψ. Since it is charged and decays to π ± J/ψ, there
are at least four quarks (cc̄ + ud¯ or d ū) in Zc (3900). Through a partial wave analysis of this
process, the quantum number J P of Zc (3900)± was determined to be 1+ [9]. BESIII had also
observed a neutral state Zc (3900)0 in the process π 0 π 0 J/ψ, suggesting Zc (3900)±,0 as iso-spin
triplet. Considering that Zc (3900) sits slightly above the DD̄∗ threshold, BESIII studied the process e+ e− → π ±,0 (DD̄∗ )∓,0 and a state with similar resonant parameters was observed in (DD̄∗ )∓,0
mass spectrum. In the spectrum of π ± hc through the process of e+ e− → π + π − hc , BESIII observed
another Zc state named Zc (4020), sitting 5 MeV above D∗ D̄∗ threshold. Later this state was found
in π 0 hc and (D∗ D̄∗ )∓,0 decay modes.
(0 )
According to the calculation described in [10], the relative decay ratio of Zc → ρηc to
πJ/ψ(πhc ) is sensitive to distinguish the tetra-quark model from molecule model of Zc . Recently,
an analysis of e+ e− → π + π − π 0 ηc was performed in BESIII. The decay Zc (3900) → ρηc is seen
with statistical significance 4.3σ , and there is no significant signal of Zc (4020). We also mea±(0 )
±(0 )
sure the relative decay ratio B(Zc → ρ ± ηc )/B(Zc → π ± J/ψ). Comparison between this
measurement and theoretical calculation is listed in Tab. 1. The measured RZc (3900) is closer to
the tetra-quark model, but the molecule model cannot be completely excluded. Reductions in the
uncertainty of the theoretical calculation are needed.
Table 1: Comparison of the measured RZc (3900) and RZc (4020) with the theoretical predictions from Ref. [10]

√
s / model
RZc (3900)
RZc (4020)

4.226 GeV
2.2 ± 0.9
< 1.6

4.258 GeV
< 5.6
< 0.9

4.358 GeV
...
< 1.4

Type-I
Type-II
+330
230−140 0.27+0.40
−0.17
6.6+56.8
−5.8

Molecule
0.046+0.025
−0.017
0.010+0.006
−0.004

5. Summary
Here we review the recent results of XY Z states at BESIII experiment. The strange behavior
of exotic particles have been studied and compared with theoretical prediction. However, there
are still questions that are not clear. BESIII is planning to take data above 4 GeV, 500 pb−1 per
√
point with a 10 MeV interval in the next 5-10 years, while the maximum of s of BEPCII will be
increased from 4.6 to 4.9 GeV [1]. More exciting results from BESIII collaboration will come up
soon.
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