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BESIII, Phys. Rev. D 96, 032004 (2017)

𝑒+𝑒−→ψ(3686)π+π− ⇒ ቊ
𝐶𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑠 𝑎𝑡 16 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡 𝑒𝑛𝑒𝑟𝑔𝑖𝑒𝑠

ψ(3686)π+ 𝑎𝑛𝑑 π+π− 𝑖𝑛𝑣𝑎𝑟𝑖𝑎𝑛𝑡 𝑚𝑎𝑠𝑠 𝑠𝑝𝑒𝑐𝑡𝑟𝑢𝑚𝑠 𝑎𝑡 6 𝑒𝑛𝑒𝑟𝑔𝑖𝑒𝑠

𝑠 = 4.258 GeV 𝑠 = 4.416 GeV

Peak @ M=4.032 GeV
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Experimental results



Particle Mass（MeV） Width (MeV) Process Experiment

𝑍𝑏(10610) 10607.2±2.0 18.4±2.4 e+e− → π+ π− ϒ(𝑛𝑆)/h𝑏(nP) Belle

𝑍𝑏(10650) 10652.2±1.5 11.5±2.2 e+e− → π+ π− ϒ(𝑛𝑆)/h𝑏(nP) Belle

𝑍𝑐(3900) 3889.0±3.6±4.9 46±10±20 e+e− → 𝑌(4260) → π+ π− 𝐽/ψ BESIII

𝑍𝑐(3900) 3894.5±6.6±4.5 63±24±26 e+e− → 𝑌(4260) → π+ π− 𝐽/ψ Belle

𝑍𝑐(3900) 3886±4±2 37±4±8 e+e− → ψ(4160) → π+ π− 𝐽/ψ CLEO-c

𝑍𝑐(4020) 4022.9±0.8±2.7 7.9±2.7±2.6 e+e− → 𝑌(4260) → π+ π−h𝑐 BESIII

𝑍𝑐(3885) 3882.2±1.1±1.5 26.5±1.7±2.1 e+e− → 𝑌(4260) → π (𝐷𝐷∗) BESIII

𝑍𝑐(4025) 4026.3±2.6±3.7 24.8±5.6±7.7 e+e− → 𝑌(4260) → π (𝐷∗𝐷∗) BESIII

A review on ISPE mechanism

𝑅𝑒𝑠𝑜𝑛𝑎𝑛𝑐𝑒 𝑒𝑥𝑝𝑙𝑎𝑖𝑛𝑎𝑡𝑖𝑜𝑛⇒ ቊ
𝑀𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑠𝑡𝑎𝑡𝑒

𝑇𝑒𝑡𝑟𝑎𝑞𝑢𝑎𝑟𝑘 𝑠𝑡𝑎𝑡𝑒

𝑁𝑜𝑛 − 𝑅𝑒𝑠𝑜𝑛𝑎𝑛𝑐𝑒 𝑒𝑥𝑝𝑙𝑎𝑖𝑛𝑎𝑡𝑖𝑜𝑛⇒ ቐ
𝐶𝑈𝑆𝑃 𝑒𝑓𝑓𝑒𝑐𝑡: 𝐷. 𝑉. 𝐵𝑢𝑔𝑔, 𝐸. 𝑆. 𝑆𝑤𝑎𝑛𝑠𝑜𝑛

𝑇𝑟𝑖𝑎𝑛𝑔𝑙𝑒 𝑠𝑖𝑛𝑔𝑢𝑙𝑎𝑟𝑖𝑡𝑦: 𝑋. 𝐻. 𝐿𝑖𝑢, 𝐴. 𝑃. 𝑆𝑧𝑐𝑧𝑒𝑝𝑎𝑛𝑖𝑎𝑘
𝐼𝑆𝑃𝐸 𝑚𝑒𝑐ℎ𝑎𝑛𝑖𝑠𝑚: 𝐷. 𝑌. 𝐶ℎ𝑒𝑛, 𝑋. 𝐿𝑖𝑢, 𝑇. 𝑀𝑎𝑡𝑠𝑢𝑘𝑖

(1). W. Chen, H. X. Chen, X. Liu, et.al., Phys. Rept. 639 (2016) 1-121.
(2). Y. R. Liu, H. X. Chen, X. Liu, et.al., arXiV: 1903.11976 [hep-ph].
。。。。。。
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D.-Y. Chen, Xiang Liu, Phys. Rev. D84: 074016, (2011)Belle, 2011: 𝑍𝑏(10610) and 𝑍𝑏 10650

ϒ(5𝑆) → π+ π− ϒ(𝑛𝑆)
ϒ(5𝑆) → π+ π− h𝑏(nP) 
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Dian-Yong Chen, Xiang Liu: 𝑍𝑐(3900) and 𝑍𝑐(4020)

Phys. Rev. D84: 034032, (2011): 

BESIII, Phys. Rev. Lett., 110, 252001, (2013) 

BESIII, Phys. Rev. Lett., 111, 242001, (2013) 
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𝑠 = 4.226 GeV 𝑠 = 4.258 GeV 𝑠 = 4.358 GeV 𝑠 = 4.416 GeV

BESIII, Phys. Rev. D96: 032004, (2017)

ISPE mechanism: Phys. Rev. D84: 034032, (2011) Similar phenomena

Motivation



Dian-Yong Chen, Xiang Liu, Phys. Rev. D88: 036008, (2013)

2013, BESIII, Belle : e+e− → 𝑌(4260) → π+ π− 𝐽/ψ, 𝑍𝑐(3900)
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BESIII, Phys. Rev. D 96, 032004 (2017)：

Doing a combined fit on the
cross section in addition with
all the invariant mass spectrums.

1. Reproducing the structure on
the 𝜓(3686) 𝜋+ mass spectrum

2. Testifying the ISPE mechanism
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Dian-Yong Chen, Xiang Liu, Phys. Rev. D88: 036008, (2013)

Decay amplitudes

(1). Decay directly: background

(2)-(4). Decay with intermediate ψR

Model



Form of parametrization,
Reduce the parameters.

The effect caused by the width of σ
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Decay amplitudes
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Parameter Source

g𝑁𝑜𝑅 , 𝑎𝑁𝑜𝑅 Background

Φ𝐷𝑖𝑟 , 𝐹𝐷𝑖𝑟 , κ𝐷𝑖𝑟 Multipole expansion

Φσ, 𝑓σ, 𝑔σ, φσ Triangle loop

Φ𝐼𝑆𝑃𝐸 , 𝑔𝑅 𝐷(∗) 𝐷(∗)π ISPE mechanism

𝑎𝑅 Form factor

Parameters



Fit by three resonances

ψ(nS) between 4.1 and 4.6 GeV:
𝜓 4160 , 𝜓(4415)

Enhancement around 4.22 GeV ⇒ missing 𝜓 4𝑆 [1-4] [1]. L. P. He, X. Liu, et.al., Eur. Phys. J. C74, 3208 (2014).
[2]. D. Y. Chen, X. Liu, et.al., Phys. Rev. D91, 094023 (2015).
[3]. D. Y. Chen, X. Liu, et.al., Phys. Rev. D93, 034028 (2016).
[4]. J. Z. Wang, X. Liu, et.al., Phys. Rev. D99, 114003 (2019). 12/20



BESIII, Phys. Rev. D 96, 032004 (2017)：
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The events are relatively small,
the errors are relatively large.

3R Fit: ψ(4160),ψ(4220),ψ(4415)

Fit one cross section in addition
with 8 invariant mass spectrums



3R Fit: ψ(4160),ψ(4220),ψ(4415)

3R Fit: 38 parameters
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(1). The cross section in addition with all the invariant mass
spectrums can be reproduced well by one set of parameters.

(2). The structure around 4.032 GeV can be explained by
our model that based on the ISPE mechanism



When 𝑠 = 4.387 GeV, the invariant mass
spectrums are plotted directly, and they are
consistent with the experimental data.

More precise data will be helpful ~

We know little about the mass spectrum of
charmonia near or above 4.6 GeV until now.
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J. Z. Wang, X. Liu, et.al., Phys. Rev. D99, 114003 (2019)

Y(4220) ൞
𝑆𝑐𝑎𝑟𝑙𝑖𝑛𝑔 𝑃𝑜𝑖𝑛𝑡 ⇒ 𝐶ℎ𝑎𝑟𝑚𝑜𝑛𝑖𝑎 𝑠𝑝𝑒𝑐𝑡𝑟𝑢𝑚

𝐶ℎ𝑎𝑟𝑚𝑜𝑛𝑖𝑎 𝑤𝑖𝑡ℎ 4S − 3𝐷 𝑚𝑖𝑥𝑖𝑛𝑔
𝑃𝑟𝑒𝑑𝑖ct a ψ(4380) 𝑎𝑠 𝑡ℎ𝑒 𝑝𝑎𝑟𝑡𝑛𝑒𝑟 𝑜𝑓 𝑌(4220)
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Add another ψ 4380

Fano interference

4R Fit: ψ(4160),ψ(4220),ψ(4415),ψ(4380)



4R Fit: 50 parameters
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4R Fit: ψ(4160),ψ(4220),ψ(4415),ψ(4380)

Consistent
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Branching ratios (x10−3)

Consistent with experimental experience

The Breit-Wigner distribution can be approximately hold
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Contributions of intermediate states

Our parameters are reasonable



Summary

• We do a combined fit on the data of e+e− → ψ(3686) π+ π−

process given by BESIII.

• Our model can explain BESIII’s data in a unified framework, and 
the given parameters are reasonable.

• The charged structure appeared on the ψ(3686) π+ invariant 
mass spectrum can be explained by ISPE mechanism without 
introducing any new charmonium-like states.

• After adding ψ 4380 , our result are consistent with the 
conclusion given by Phys. Rev. D99, 114003 (2019). 



Thank you ~


